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Simultaneous  analysis  of  the  7  clinically  significant 
eleaents  Cu,  Br,  Zn,  Co,  3a,  K  and  Pe  in  blood  serum  was 
developed  using  aultielement  neutron  activation  analysis 
(NAA)   at  the  Oniversity  of  Florida  Training  Beactor  (UFTB)  . 

The  use  of  the  comparator  method  eliminated  2  limitations 
associated  with    the  0FT2;       relatively  low     thermal  flux 
(1*1012  neutrons/ca2s)       and  interrupted    operation  during 
night  hours. 

Hydroxy  antimony  pentoxide  (HAP)  resin  was  successfully 
employed  in  the    removal  of  the  sample  Na  (one    of  the  most 


serious  limitati oas  of    NAA  with  regard  to    samples  with  a 
biological  matrix)      in  contrast    to  recent  discouraging 
literature  reports.     Tests  confirmed  Se  losses  to  the  resin 
and    saaple  contaaination    with  Zn    leached  froa  plastic 
syringes. 

It  was  shown    that  the  technigue  allows    for  precise  and 
accurate    deteraination  of    aost  of     the  above  mentioned 
elements  in  the  same  3  al  of  serum  sample. 

Blood  serum  was  selected  for  evaluation  in  an  effort  to 
determine  the  appropriateness  of  the  intravenous 
hyperalimentation  fluid  for  maintenance  of  the  nutritional 
status  in  a  population  of  bone  marrow  transplant  patients. 
Serum  was  sampled  weekly  during  the  6  weeks  interval  while 
the  15  patients  were  fed  solely  with  these  fluids. 

Patients'   serum    content  was     compared  to    that  of  9 
clinically  healthy     subjects  also  evaluated  in    the  study. 
One  of  the  controls  was  sampled  weekly  for  3  months.  These 
control  values  were    stable  throughout  the  study    and  well 
within  reported  normal  ranges.         Patients*  serum  analysis 
showed  consistently  higher  concentrations  of  Cu,  K,     Pe  and 
Co,     and  consistently  lower  ones    of  Br,     Forty-two  graphs 
illustrate  such  trends. 

aesults  in  the     patient  groups  are  guite     different  froa 
the  control    values.      However,     no    conclusive  clinical 
conclusions  can  be  made  froa  the  data  in  this  study. 
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The  aetiioi,  as  developed  and  tested  for  the  OFTB,     can  be 
employed  in     precision  analysis    of  clinical     saaples  for 
natritioa  studies     in  health  and    disease,     environaen tal 
evaluation,  aniaal  and  plant  research,     food  monitoring  for 
toxic  levels,       criminalistic  and    any  studies  involving 
detection  of  trace  amounts  in  biological  matrixes. 
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CHAPTER  I 
INTHODOCTION 


Object  of  This  Stady 

The  inportance     of  trace  elenents    in  haaan     health  and 
disease    has  been     undac  investigation    since  the  1900s. 
Assessaent  to  the  quantities  involved,  however,     is  only  now 
being  achieved.       Modern  tools,     like    atoaic  absorption 
spectroscopy   (AAS)     and  neutron    activation  analysis  (NAA) 
have  Bade    possible  the  aeasureaent     of  parts    per  billion 
aaounts  in    body  tissues  and  fluids.        Neutron  activation 
analysis  is    a  powerful  aethod    for  some    trace  elements, 
allowing  the     determination  of  minute  quantities     with  high 
precision  and  accuracy.     Its  aain    disadvantage  is  the  time 
consuming  procedure  of  irradiation,  decay,  counting,  and  not 
least  of  all  the  necessity,  soaetiaes  imperative,     of  having 
to  chemically     remove  some    interfering  elements    from  the 
sample.       Its  high  sensitivity,  however,  compensates  for  any 
of  the  above  mentioned     disadvantages,     provided  a  research 
reactor  is  available. 

The  objecr  of  this  study  was     to  develop  an  accurate  and 
reproducible     method     for  evaluation     of     trace  element 
concentrations  utilizing    NAA  at  the  Oniversity    of  Florida 
Training  aea:;tor   (nFT2)  ,     which  could  be  applied  on  samples 
seaningful  in  disease. 
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Patient  samples     which  aight  be  aeaningfally     related  to 
the    disease  state     and/or     treataent  evalaation  include 
tissues,  blood,     and  eliaination  products  such  as  urina  and 
feces. 

Serum  analysis  has  been    largely  employed  for  nutritional 
assessment  and  is     considered  to  be  well    representative  of 
the  nutritional  state  of  an     individual  with  regard  to  trace 
elements.       Serum  can  be  defined  as  the  watery  portion  of  an 
animal  fluid     remaining  after    coagulation.     Blood  serum 
contains    specific  immune    bodies  such    as  antitoxins  or 
agglutinins  (Webster's,  1976),     according  to  the  same  source 
plasma  is  defined  as  the  fluid  part  of  blood,  lymph,  or  milk 
as  distinguished  from  suspended  material.     The  medium  chosen 
for  analysis  was  the  product    of  centrif ugation  of  blood  and 
is  defined  as  blood  plasma.       The  word  serum  was  nsed  in  the 
title  for  ease    of  future  reference  by    other  researchers, 
since    the  words    serum  and     plasma     have  been  employed 
synonymously  for    decades  while  serum    is  the    most  used. 
Horeover,  as  stated  by  Versiecic  and  Cornells  (1980),  serum 
and  plasma  trace  concentrations  are  virtually  the  same. 

Orine  was    chosen  to    sample  but    discontinued  at  the 
beginning  of  this  study  because  of  sampling  difficulties  and 
the  possibility  of  sample  contamination,  as  described  in  the 
methods  section. 

The  sampling     of  patient's    body  tissues     would  require 
surgery.     The  scope     of  this  study  does    not  justify  such 
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procedures.       Therefore,     blood  was     the  only  feasible  and 
meaningful  product  available  for    evaluating  the  nutritional 

status  in  disease. 

Protocols  were     designed  to     provide  infornation  which 
would  allow  a  comparison  between  health  and  disease.  Results 
were  expected  to    show  how  much  serum    concentrations  vary 
from  person  to  person.     Another  control  was  sampled,  under 
the  same  procedure,      once  a  week  for    three  months,  to 
evaluate  the  variation  with  time  within  the  same  subject. 

Neutron  activation  analysis     was  chosen  for  use    in  this 
study  zo     evaluate  trace    element  concentrations    in  blood 
serum  from    bone  aarrow    transplant  patients    during  their 
hospitalization.     It  was  planned  that  patient's  blood  would 
be  sampled  once    per  week  (whenever  possible) ,      and  serua 
concentrations  would    be  evaluated    and  compared     with  the 
patient's    nutritional    status  obtained    by     other  well 
established  methods.      A  correlation  is  thought     to  exist 
between  nutritional  status  and  trace  concentrations  in  blood 
serua,     and    finding  it    has  been    the  goal     of  medical 
biochemistry  for  almost  one  century. 

In  this  study,     the  goal  was    to  develop  a  procedure  to 
make  accurate  determinations  of  Cu,  Br,  K,  Se,  Fe,  Co  and  Zn 
possible  in    blood  serum,     with     the  limitation     that  the 
average  serum  volume  which  could  be  obtained  would  be  only  3 
cc  from  10  cc  of  blood.     Bight  clinically  healthy  volunteers 
each  would  donate   10  cc  of  blood  for  this  study,     and  their 
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blood    would  be    sampled    using  special    Teflon (B) -aade» 
needles. 

Hken  NAA  is  used,  Na  and  K,     and  soiietimes  Cl  contents  in 
biological  samples    can  zaask     other  eleaents    of  interest. 
Their  cheaical  reaoval  is  possible,  but  not  without  the  rislc 
of  trace  eieaent  contamination  or    loss  of  the  knowledge  of 
the  true     sample  weight.     Careful    procedures,  resilient 
testing,       state-of-the-art  detection    and  coaputational 
capabilities  help  to  minimize  these  risks. 

It  was  decided  in  this  study  to  utilize  a  resin,  called 
hydroxy  antimony  pentoxide  (HAP) ,      first  tested  by  Girardi 
and  Sabbioni   (1968),     for  reaoval  of  Na  from  serum  samples.  . 
Some  researchers  indicate  that  the    resin  has  not  worked  as 
expected  (Berry,   1979) , 

The  procedure  for  trace    eieaent  concentration  assessment 
was  developed  with  the  knowledge  that  the  HAA  approach  would 
require  a    fairly  long  turnaround  tiae.        However,  the 
sampling  technique  developed  can  also    be  applied  in  other 
types  of    elaaeatal  analysis    such  as     AAS  when    a  faster 
turnaround  is  necessary. 


1    (H)  =Eegi3tered  trademark.   Teflon  is  a  registered  trademark 
of  Du  Pont, 
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The  Disease  and  the_Transplant 
The      following     diseases      require    bone  marrow 
transplantation  as  part  of  their  treataent: 

1,  Aplastic  aneaia; 

2,  Acute  ayelogenous  leukemia; 

3,  Acuta  lymphoblastic  leukemia;  and 
«t.     Chronic  myelogenous  leukemia. 

Aplastic  aneaia  is  a  disease  characterized  by  bone  marrow 
failure  with    death  resulting  from  bleeding     or  infection. 
Leukemia  is  a  usually    fatal  cancerous  disease  characterized 
by     excessive  production    of     white    cells,     and  often 
accompanied  by    severe  anemia.       Leukemic    and/or  aplastic 
anemia  cells     must  be    destroyed  in     order     to    cease  the 
irreversible  development  of     the  disease  and  death    of  the 
patient. 

Selective  procedures    that  would     strike  only  diseased 
cells  have    not  yet  been  discovered;      meanwhile,  these 
diseases  are  treated  by  the  total  killing  of  the  bone  marrow 
tissue.     These  cells  are    sensitive  to  some  chemicals  and  to 
radiation.        For  this    reason  these    are  the  treataient 
modalities  commonly  used.       However,  the  destruction  of  the 
bone  marrow  will  include  the  killing  of  healthy  and  diseased 
cells  alike.       At     this  point  patient  receives    a  graft  of 
normal  cells  which     will  initiate  the  repopulation    of  the 
healthy  tissue. 


The  chemisal  dud     radiation  doses  aust  be    confined  to  a 
narrow  range.       If  tlie  dose  is  too  large,     damage  to  other 
organs  will  occur;       too  small  and  some  sites    will  not  be 
reached  and    diseased    cells  will  be  left    alive  in  nuabers 
high  enough  to  induce  recurrence  of  the  disease, 

£e»erse  isolation  of  the  patient     is  necessary  to  prevent 
access  to    infection,     since  aost    of  the    body's  defense 
aechanisas    are    destroyed    in    conjunction     with  the 
leukenic /a plastic  cells. 

Control,  isolation,     and  adequate  nutritional  balance  are 
part  of  the    necessary  support  to  the     patient.     This  work 
focuses  on  the  nutritional  aspect  of  the  grafting  procedure. 

Patients  are    conditioned  with  chemotherapy     (CI)  ,  200 
ng/kg  cyclophosphooide  to  eradicate  their  iaaune  response  to 
the  narrow  graft  previous  to  a    600  rea  midline  tissue  dose 
of  total  body  irradiation  (TBI),         Donor  marrow  is  infused 
intravenously  1  to  18  hrs  after    TBI,     or  36  hrs  after  the 
last  CI  administration  (Glucksberg  et  al. ,   1974),       TBI  and 
CY  will  destroy  the  leukemic  and/or  anemic  cells,  as  well  as 
aajor  portions  of  the  normal  ones. 

The  donor  cells  are    injected  intravenously,     and  travel 
through  the  patient's  circulatory    systea  until  rhey  adhere 
to  the    bone  aarrow,      where  they    "stick"  and    begin  to 
proliferate,     producing  enough  cells  to  give  a  normal  blood 
count  within  a  month. 


Harrow  doflors  are  normally  siblings  who  were  matched  with 
the  patients  at  the     major  histocompatibility  region  (SHE), 
as  determined  by  serological  identity    for  HL-A  antigens  and 
by  nonreactivity    in  leukocyte  culture   (Glucksberg    et  al, , 
1974) , 

Bone  marrow  is  aspirated  from    the  donor  under  a  general 
anesthetic  from  the  anterior  and     posterior  iliac  crests  and 
the  sternum.       The  donation  is  in  the  region  of  3  00  to  1000 
ml    depending  on     the  weight     of  the     recipient  and  the 
cellnlarity  of  the  donor's    marrow   (Barrett,     1980).  The 
donor  normally    leaves  the    iiospital  the    day  after  the 
donation. 

The  graf t-»ersus-aost   (GVH)   disease  is  a  complex  clinical 
syndrome  which  reflects  tiie  infectious  complications  related 
to  the    compromised  host    immunity,     due    to  TBI     and  CI 
(Glucltsberg  et  al,  ,  1974),       The  engrafted  marrow  sometimes 
coatains  immunologically  competent  calls  that  will  produce  a 
GVH  reaction,     which    is  a  major  impediment     to  successful 
transplantation  of  allogenic  marrow.      Only  60X  of  the  bone 
marrow  transplants  succeed,  and  GVH  disease,     as  well  as  the 
sometimes  inadequate    nutritional  support    in  the  months 
before  immunity  is  fully  established   {Barrett,     1980),  is 
considered  a     major  cause  for     this     percentage     not  being 
higher, 

Gr aft-versus-host  disease  may  appear  in  many  organs,  and 
in     different  degrees.       There     aay     be  sScin  changes. 


8 

degenaratioa  of  aacosal  ylands,  iecfenera tion  and  necrosis  of 
saali  oiie  diicts,  or  even  mild  changes  on  skin,  gut,  liver, 
and  tie  lyapiioid  tissues. 

Graft- versus-kost  disease,  wiien  it  occurs,     takes  from  7 
to  30  days  to  onset   (Glacksberg  et  al. ,  1974), 

figure     1. 1  shows    the  usually    employed  bone  marrow 
transplantation  procedure. 


MARROW  GRAFT 
INDICATED 

SEARCH 
OONOP 

FOR 

day  -12  

ADMIT  PATIENT 
TO  HOSPITAL 


 i  -, 

START  ISOLATION  AND  [_ 
DECONTAMINATION  PROCEDURES  | 


I 

POST  TRANSPLANT  j, 

rWH  PRORLAXIS  I 

j  say  46 


I     FINISH  ISOLATION 


INSERT  INTRAVENOUS 
LINE 


GRAFT  CONDITIONING 

dav  0 

■j     BONE  I^ARROW  GRA^r 

CONTROL  FOR  5  YEARS 


Figure  1.1.  Usually  eaployed  bone  marrow 
transplantation  procedure. 
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Sutritio nal  Aspacts  of  the  Bone  Harrow  Transplant 

Sxtensiva  oral  nucositis  and     gastroenteritis  will  result 

from  the  high,  dose  CY  and    the  TBI,       As  a  consequence,  a 

markedly  decreased  oral  caloric  intake  results,     and  most  of 

the     patients  temporarily    stop  all     oral  caloric  intake 

(Glucksberg  et  al. ,   197U).      It  is  not  known  to  what  degree 

high  doses  oc     CY  and  TBI  affect    the  nutritional  balance. 

Almost  all  patients     suffer  from  severe  oral    mucositis  and 

show  dramatic  weight  loss  and    marked  signs  of  malnutrition. 

Infections  witii  or  without  fever,  and  G7H  disease,     may  also 

have  negative  effects  on  the     patient's  ability  to  maintain 

an  optimal  nutritional  condition. 

Total     parenteral    nutrition   (TPN)       is  administered 

intravenously  and    can  successfully  overcome  most    of  these 

problems  which     frequently  complicate    the  course    of  bone 

marrow  transplantation   (Schmidt  et  al.,  1980). 

TPH  is  an  established  technique  of  nutritional 
support  which  can  potentially  provide  vitamins, 
minerals,  aminoacids,  carbohydrates,  and 
occasionally  fat  in  amounts  necessary  to  prevent 
or  reverse  the  state  of  malnutrition,  (Layton  et 
al.,   1981,   p. 127) 

Trace  Slemants  in  !?utritioa 
Trace  elements  are  known  to  have  important  effects  on  the 
piiysioiogical  processes  which  occur    in  all  living  systems. 
Several    investigators      have    shown     that    a  definite 
relationship  exists  between  trace  element  levels  in  the  body 
and  certain  diseases.       There  is    also  strong  evidence  that 
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soma  types    of  cancer  axe    associated  with    abnorsal  trace 
eleaeat  levels.     According  to  Sertz   (1981)  , 

an  element    is  essential  when  a     deficient  intaJce 
consistently     results  in    an    iapairaent  of  a 
function  froa    optiaal  to     suboptimal  and  when 
suppleaentation  with  physiological     levels  of  this 
eleaent,  but  not  of  others,  prevents  or  cures  this 
iapairaent.    (p.  1332) 

The  deteraination  of  whether  an    eleaent  is  essential  is 

based  on  the  following  criteria   (Cotzias,  1967): 

1 .  The  element     is  present  in    all  healthy    tissues  of 
living  organisas; 

2.  The  concentration    froa  one  aniaal    to  the     next  is 
fairly  constant; 

3.  iithdrawal  froa  the    body  induces, reproducibly,  the 
saae    structural    and     physiologic  abnormalities 
regardless  of  the  species  studied; 

H.     Addition    either    presents      or    reverses  these 
abnoraalities; 

5,     The  abnoraalities    induced  by  deficiency    are  always 
accoapanied    by  pertinent,      specific  biochemical 
changes;  and 

6*     These  biochemical  changes  can    be  prevented  or  cured 
when  the  deficiency  is  prevented  or  cured,    (p.  5) 

Hecent  advances    in  analytical    techniques  now     aaXe  it 

possible  to  measure     trace  elements  aore  rapidly    and  with 

greater  accuracy  in  biological  fluids,  thus  allowing  the  use 

of    this  paraaeter    for  aanageaent    of  certain  diseased 

conditions  in  nan.       Nutritionally  speaking,     it  has  become 

obvious  that  the  availability  of  trace  eleaents  in  the  hcaan 

diet  is  a  coaplex  problea    which  needs  a  considerable  anount 

of  research. 
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Some  essential  trace  elements  are    still  not  included  in 
TPN  fluids,     siaply     because  too  little  is    known  of  their 
requirements  to  allon  rational  formulations  to  be  made.  One 
philosophy  holds  that     it  is  better  to  err  on     the  side  of 
deficiency  than  to  risk    toxicity.     Also,     very  long-term 
hyperalimentation  is    likely  to  produce     other  deficiencies 
(Faulkner,  1981), 

The  following     ara  statements    made  by    the  Nutritional 
Advisory    Group    of  the    American    Hedical  Association 
{Faulkner,  1981)  : 

1.  Certain  trace    elements  are    needed  in  parenteral 
fluids  for  maintenance  of  good  nutritional  status  and 
for  the  nutritional  rehabilitation  of  patients; 

2.  The  trace     elements  now  recognized  as    essential  for 
humans  are  Co  (as  vitamin  B12) ,  Cu,  I,  Fe  and  Zn; 

3.  There  is  evidence — although    fragmentary — of  the  need 
for  Cr  and  an; 

4.  Fluorine  reduces  tooth  decay,     but  has  no  other  known 
function; 

5*     Information  about  the  nutritional  aspects  of  As,  no. 
Hi,  Se,  Si,     3n,     and  7  is  insufficient  to  warrant  a 
recommendation    for  their    inclusion  in  parenteral 
fluids;  and 

6.     Parenteral  solutions  contain  Cu   (0,4g/l),     Cr  (0.004 
g/1),  Mn  (0.1  g/1)  and  Zn   (1.0  g/1) . 

The  dependence     of  the    severity  of    signs  and    of  the 
effects  of  rssupplementa-tion  on  the  degree  of  deficiency  was 
formulated  mathematically  by  Bertrand  in  1912  (Mertz,  1981), 

Trace    element  research     is    currently    based  on  two 
conclusions,     both  drawn  from    the  Bertrand 's  Model  (Sertz, 
1981)  : 
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1.  For  each    eleaent  tJiere    is  a    range  of    safe  aad 
adeguate  exposures,     nithin  which  homeostasis  is  able 
to    naintain    optimal  tissue     concentrations  and 
functions;  and 

2.  Every  trace    eleaent  is  potentially  toxic     when  the 
range  of  safe  and  adequate  exposure  is  exceeded,  (p. 
1333) 

A  better  understanding  of  aany    diseases  will  result  from 
more  Icnowledge  of     trace  element  content  in     various  organs 
and  components    of  biological  systems  in    different  disease 
states.        A      synthesized  description    of     the  known 
physiological  roles  of  each     trace  element  under  discussion 
in  this  study  is  presented  below: 

Bromine 

Little  information  is  available  on  Br  metabolism.  The  }; 
element  has  not  been  conclusively  shown  to  be  involved  in  y 
any  essential  function   (Versisck  and  Cornells,   1980)  . 

Cobalt 

The  only    Icnown  biochemical    function  of     Co  is    as  an  .' 
integral  part  of  vitamin  E12,  which  forms  a  cof actor  for  the 
activation  of     met hy Imalonyl-CoA .     It    is  physiologically 
involved  in  hema topoiesis.  Its  absorption  is  increased  in  Fe 
deficiency  and  is     depressed  by  high  Fe    concentrations  in 
diet,     Coijalt  must    be  absorbed  as  vitamin    B12  by  humans, 
since  this  cannot  be  synthesized  from  Co. 

I 

■  I 


! 
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Copper 

No  instance  of  Cu  deficiency     in  adults  has  been  reported 
that  has  not  resulted  troa    repeated  and  prolonged  diarrhea 
plus  a  diet  very  poor  in  Cu. 

Parenteral    administration  of    Fe    fails  to  alleviate 
anemia,     but    it  increases    Fe  stores    in  the    liver  and 
reticulo-endothelial  system.         These  observations    can  be 
explained  by  the    assumption  that  Cu  is    essential  for  the 
release  of  Fe  from  the  intestinal    mucosa  and  the  Fe  storage 
tissues. 

In  man,     hypocupreaia  is    associated  with  nephrosis  and 
Wilson's  disease,  both  of  which  are  accompanied  by  increased 
urinary  excretion  of  Cu   (Underwood,     1971).  Hypocupremia 
occurs  in  many  disease  conditions  in  man.  The  cause  in  these 
cases  is  not  a  dietary  deficiency  of  Cu.     It  can  be  related 
to  a  defect  in    cer uloplasmin  synthesis,     poor  absorption, 
excessive  ax-rstion,     or  some    other  disturbance  associated 
with  the  disease   (Underwood,  1971). 

Copper  is  a     component  of  cytochrome  oxidase     and  other 
metalloenzymes.       It    is  involved    in  the    absorption  and 
utilization  of    Fe  in    the  synthesis     of  hemoglobin  and 
myoglobin  and  plays  a  role  in    the  formation  of  melanin  and 
myelin  and  in  the  maintenance  of  neurologic  functions. 

It  is  transported  mainly  in  loose  binding  with  albuminaa 
(Fauitner,  1981). 
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Iron 

Iron  is  a  coaponent  of  hemoglobin,  myoglobin,  catalase, 
and    other  anzyaes    and  is    involved    in  transport  and 
utilization  of  oxygen.      For  transport,  Fe  is  bound  to  serua 
protein  (transferrin)       and  its     storage  occurs     in  heae 
proteins.     Iron  deficiency  is  freguent  in  infants,  pregnant 
women  and    teenage  girls  and    aanifests  itself    as  aneaia 
(Faulkner,  1981). 

SeleniuB 

Selenium  has  bean    shown  to  be  an  integral    part  of  the 
huaan    red  cell    enzyae    glutathione  peroxidase,  thus 
establishing  its  essential  role  in  aan  (Prasad,  1976). 

Neutron  activation    analysis  and     molecular  fluorescence 
are  now    the  most  common    methods  of  Se    analysis  (Olson, 
1976) . 

The  physiologic  function     of  Se  is  supposed    to  involve 
protection  against  accumulation  of  hydrogen  peroxide,  i.e., 
an  antioxidant  function.        Experimental  and  epidemiologic 
evidence  indicate     an  inhibitory  effect    on  carcinogenesis. 
Concerning  its  metabolism,     the  absorption  is  in  the  fora  of 
selenite    (40-70ji)  .     Selenium  deficiency  has  been  produced  in 
animals,     and  hemolytic  anemias  have  been  reported  in  humans 
(Faulkner,  198  1). 


zinc 

Zinc  has  been  recognized  to  be  essential  for  aniaals,  and 
its  deficiency     in  man    has  been      also  observed.  The 
nutritional  availability    of  this    element  poses  serious 
problems  in  certain  segments  of  the  human  population.  The 
important  role  of  Zn  in  growth    and  gonadal  function  and  in 
nucleic  acid  metabolism  has  been    recognized  only  during  the 
last  15  years.        The  requirements  of  Zn    may  vary  widely 
depending  upon  the  phytate  and  fiber  content  of  the  diet, 

Tlxe  importance  of  interaction  between  various  elements  is 
exemplified  by  the  adverse  effect  of  Cd  (a  toxic  element)  on 
the  metabolism  of  Zn  (an  essential  element)  in  man  (Prasad, 
1976)  . 

Zinc  is  a  component  of  at  least  30  metalloenzymes.     It  is 
involved  in  the  synthesis  of  BNA  and  DNA,     connective  tissue 
and  glutathione.      Its  transport    is  primarily  done  through 
the  plasma  albuminum,       with  60-70%  bonnd  to    it.  Zinc 
deficiency  is  correlated  to    growth  retardation,  impaired 
sense    of  taste,       hypogonadism  and     slow  wound  healing 
(Faulkner,  1981). 

Trace  Element  ^Studies  for  Seruig 
Several  studies  have  attempted    to  improve  the  precision 
and  accuracy  in  trace  element    determination  in  human  blood 
serum.      Sxperiaants  usually     involve  apparently  healthy 
individuals    and  have    the  ultimate    goal  of  determining 
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autrition  referanca  values  for  coaparisoQ  with  other  special 

conditions  liJea  disease,     pregnancy    and  even  geographical 

location  of  the  populations  studied. 

A  very  complete     review  on  the  subject     was  published  in 

1980  by  Versieclc  and  Cornells,  who  observed 

Serious    inconsistencies      in    the  reported 
concentrations  of     trace  elements    in  plasma  or 
serua  of  healthy  individuals  .   .   .   .   ( p.  2U7) 

They  also  stated  that 

There  is  solid  experiaental    evidence  that  auch  of 
the  existing     controversy  is    due  to  inadequate 
sampling  and    sample  handling    or  to  defective 
analysis  ...     .     There  is  increasing  awareness 
that  specimen  contamination  is     responsible  for  a 
considerable  nuaber  of  erroneous  values  ...  No 
program  of  low  level  trace  element  analysis  should 
be  started  before     adequate  contamination  control 
procedures  .   .   .     have  been  developed  (clean  room 
facilities,  container  cleaning  technique,  sample 
collecting    and  handling    devices) ,       There  is 
growing  consensus  that  some  of  the  controversy  may 
be  due  to  systematic  errors.     Thus,  a  major  trend 
should  be    to  practice     quality  control    by  the 
regular  use  of  reference  materials  ...     .  (pp. 
217,  247) 

Several  homeostatic    control  mechanisms  exist    in  living 
organisms,     Sssential  elements  tend  to  undergo  such  control 
in  order  to    maintain  the  required  levels    in  the  organism 
(Bertinchaaps  at  al.,  1966), 

Healthy  individuals  who  are    not  environmentally  exposed 
to  trace  elements  should  present  concentration  values  with  a 
rather  small  range   (Versieclc  and  Cornells,   1980)  . 

The  values     presented  in  the  following     paragraphs  were 
extracted  from  a  list  of    experimental  results  (7ersieck  and 
Cornells,     19  80) ,     and  suggest  values  which  would  represent 
the  present  status  of  blood  serua  research. 
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Bromine 

Behne  and  Jurgenssn  (1978)  found  ti.S  fig/al  of  Br  in  seraa 
froa  supposedly  healthy  suiijects. 

Cobalt 

The     published  plasma    or  serum    values    are  in  good 
agreement.  Versieck  et  al.   (1978),  for  exanple,  found  the  Co 
serum  concentration  to  be  0,  108  ag/ml* 

Copper 

Copper  is  iuTolved  in  activities  as  diverse  as  hemoglobin 
synthesis,     connective     tissue  development,       and  normal 
function    of  the    central  nervous    system  (Tersieck  and 
Cornells,  1980).     Olatunbosun  et  al,      (1976)   determined  Cu 
concentrations  in  serum  using  atomic  absorption  spectroscopy 
and  iound  1.0  1  pg/ml. 

Iron 

VersiecJc  et  al.  (1977)  found  1.63  pg/nl  of  Fe  in  serum, 
averaged  froa  36  apparently  normal  individuals.  Blood  was 
sampled  after  an  overnight  fast. 

Sele  nium 

Seleniua  is    an  essential     constituent  of  glutathione 
peroxidase,     and  is  likely  to  be  implicated  in  other  enzymes 
as  well,  Sullivan  et  al.     (1979)   reported  0.12  fxg/ml  for  Se 
in  blood  serum  of  clinically  healthy  subjects. 
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Zinc 

Zinc    is    a    constituent    part    of    aore    than  30 
aetalloenzyaas,     and  is    related  to  both  nucleic    acid  and 
protein  metabolisa.     Davies  et  al.     (1968)     published  0.96 
pg/al  as  the  serua  Zn  concentration  in  huaans. 


The  oniversity    of  Florida  performed  serua    analysis  for 
trace  eleaents  (aaenhaut  et  al.,   1981)     using  PIXE  and  HAA. 
The  human    sarua  saaples  for     that  study  were    taken  fron 
patients  with  heaochroaatosis.     Soae     of  their  results  are 
listed  below: 


K  187  +-  11  pg/Ml 

Fe  2.6  +-  0.  07 

Co  0.0018  0.0001 
Zn  1.1  +-  0.04 

Se  0.  123  +-  0.  020 

Br  4.57  +-  0. 18 


Attempts  have  also    been  made  in  the    Netherlands,  by 
loittiez  and  Das  (1982),  to  analyze  serua  with  reaoral  of  Na 
and  Cl  prior  to  irradiation.       Strong  contamination  of  the 
saaples  was  observed  in  this  case,     produced  by  the  presence 
of  Sb  leached    from  the  ion  exchange    resin.     According  to 
analysis  perf oraed    by  Hakahara  et  al.       (1979) ,  cancer 
patients  showed  below  normal  concentrations  in  Hb,  Fe,  Co, 
Cu,  Zn,     Al  and  Se.     Downs  syndrome  patients  were  found  to 
have  siailar  deficiencies  in  Cr,  Mn,  Fe,  Co,  Zn,     Cu  and  Sb. 


19 

Kostadinov  and  Djingova   (1981)     published  results  froa  sema 
analysis  using  thermal    and  epitheraal  NAA  and     presented  a 
discussion  of     the  technigue  employed.        A  list    of  265 
references  on  works  involving  serua  or  piasaa  concentrations 
of  trace    elements  accompanies    a  paper    by  Versieci  and 
Cornells  (1980). 

Quantitative  Analysis  through  Keutr on  Activation 

An  iaportant  application  of  nuclear  science  is  the  use  of 
induced  radioactivity  as  a  mean     of  chemical  analysis.  It 
has  coae  to  be  known  as  activation  analysis  and  makes  use  of 
primary  particles     such  as  neutrons,     photons    and  charged 
particles  to    activate  the    atoms  to    radioactive  species, 
whose    disintegration    characteristics    are  subsequently 
determined  and  used  as  a    basis  for  identifying  the  eleaents 
originally  present  in  the  saaple. 

The  nuclear  species  can  be  identified  according  to  half- 
lite,  type  of  radiation  and  energy  spectrua. 

Slow  neutrons  are  the    most  coaaonly  employed  activation 
particles,  producing  reactions  of  the  radioactive  capture  or 
(n, gamma)   type.     Slow  neutron  sources  most  coaaonly  eaployed 
are  nuclear  research  reactors. 

An  exaapla  of  activation  nuclear  reaction  is  shown  below: 


I  I 

I     23i}a  (n, gamma)  2*Na  (15  hrs)  z^Mg  ♦  beta  +  gamaa  J 

I  i 

I  1 


The  product  nucleus  2*iia  is  radioactive,  emits  gamaa  rays 
and  has  a  half-life  of  15.02  hrs.      This  technique  is  called 
thermal  (or  slow)     neutron  activation  analysis,     or  simply 
neutron  activation  analysis,  or  HAA. 

In  certain  situations  it  is  necessary  to  perform  chemical 
separation    in  conjunction     with  activation     in  order  to 
achieve  a  higher  degree  of  sensitivity. 

In  other    situations  the  use     of  a    protocol  involving 
irradiation  time,     decay  time  and    counting  time  alone  can 
give  a  sufficiently  adequate  analysis  quality,     and  chemical 
separations  become  unnecessary.       This  technique  is  known  as 
instrumental  neutron  activation  analysis,  or  INAa. 

The  University  of  Florida    Training  Reactor — OFTB — is  an 
Argonaut  type  research  reactor.   It  has  a  considerably  stable 
thermal  flux  which    makes  it  adequate  for    long  studies  in 
NAA.     The  aaxiaum     power  is  only  100  kir,       which  yields  a 
thermal  neutron  flux  in  the  order  of   1  *  10^2  neutrons/cm^s. 
Host  modern  research  reactors  operate  with  a  thermal  flux  of 
10*3  or  higher    ne utrons/ca^s  which  allows  for    the  use  of 
smaller  samples  and/or  shorter  irradiation  times. 

The  OFTE    has    two  inherent  limitations  when     it  is  used 
for  activation  analysis: 

1.  The  samples  have     to  stay  in  the    reactor  for  longer 
periods  of  time  because  of  its  low  neutron  flux;  and 

2.  The  operation  is  not  continuous.     If  several  days  of 
irradiation  are     necessary,     such  will  have     to  be 
accomplished  in  daily  steps. 
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For  short  irradiations  the  reactor  is  equipped  with  a 
pneuaatic  traasfar  system.  Counting  facilities  are  in  an 
adjacent  radiochemistry  laboratory. 


CHAPTE2  II 
METHODS — SP2CIflSM  COLLECTION 


Saapling 

Many  researchers  have  recently    emphasized  the  necessity 
for  an  adequate     sampling  protocol  which  would    involve  no 
trace  element  contamination  of  the  sample,    and  which  would 
maintain  it    contamination-free  until  analysis  is  completed. 
Studies  at  the  Oniversity  of  Ghent,  Sweden,     by  Versieclc  et 
al.  (1973,  1977,   1978,   1980,     1981),     have  heen  particularly 
directed     to    contamination  assessment    during  sampling 
procedures,     sample  storage  and     furnishing  suggestions  for 
proper  sampling. 

Attention  has    also  been  given    to  this  subject    in  the 
U.S.A.,     as  can  be  seen  in  papers  by  Speecke  et  al.  (1976) 
and  floody  et  al.    (1977),      There  is  evidence  to  affirm  that 
many  past    trace  element    studies  have    not  received  the 
necessary  attention     to  sampling.     Their    conclusions  are, 
therefore,     subject  to  reexamination,       since  the  improper 
sampling  might  have  led  to     unreliable  results   (Yersieck  et 
al.,  1978)  . 

Orine  was    chosen  to    sample  but     discontinued  at  the 
beginning  of  this  study  because  of  sampling  difficulties  and 
the  possibility  of  sample  contamination,  as  described  below: 
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1,  The  urine  would  have  to     be  collected  in  acid-cleaned 
polypropylene  containers    free  of  contact     with  any 
other  aaterials.     Hospital    protocol  requires  urine 
Toiuae  records  to  be  taken  for  these  patients,  which 
requires  the  collection     of  the  saaple  in    a  special 
container  and    its  pourinq  into    containers  provided 
with  a  volumetric  scale. 

This    procedure    can  potentially    cause  sample 
contamination     with    trace  elements,       since  the 
equipment  used    here  is    not  specially    cleaned  for 
procedures  involving  trace  element  studies.     The  same 
limitation  was  associated  with  feces  sampling. 

2,  Freeze-drying  tests  have  been    performed  with  urine, 
and  the    procedure  is    very  time    consuming,  not 
adequate  for  a  large  scale-study,  or  quick  assessment 
of  information.     Future  studies    should  attempt  low 
temperature  ashing  for  the  sample  reduction  step. 

Blood  sampling  is    a  special  case  since    it  involves  the 
use  of  syringes  and  needles.   Hesearchers  report  a  wide  range 
(1000  fold)     of  concentrations  for  several  elements  in  serum 
of  clinically  healthy  subjects  (Versieck  et  al. ,  1978). 

Further  studies    showed  that  proper    sampling  procedures 
could  bring    those  concentrations    down  to    lower  values, 
suggesting    that     the  higher     concentrations  previously 
obtained  were  due  primarily  to  sample  contamination. 
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Hospital  personaei,  ^ho  usually  are  authorized  to  perform 
tlie  blood  withdrawals,     aust  be  aware  of  a  series  of  details 
involving  saaplin<i    in  trace  element  studies.       The  blood 
sample  must  be  kept  as  free  as  possible  from  anticoagulants, 
silicon  3_ining ,      and  other  chemicals  usually    employed  in 
blood  chemistry,       and  with  which  hospital     personnel  are 
familiar.     This  familiarity  could  lead  to  improper  sampling, 
through  the    use  of     non-treated  syringes    or  containers, 
vacutainers(a)   or  needles. 

The  presence  and  advising  of     the  analyst  during  sampling 
was  followed  in  this  study  and  is  strongly  recommended,  A 
written  procedure  should  also  be    permanently  posted  at  the 
nursing  room  for  consultation. 

Sampling  Technique 

Syringes 

Bone     marrow  transplant    patients     at  Shands  Hospital 
usually  stay  at  the  Bone  Harrow  Transplant  Onit  (BHTD)  for 
less  than  2  months.       Sost  had    their  blood  sampled  once  a 
week  for  the  purposes  of  this  study.       Control  samples  from 
healthy  subjects  were  also    collected  and  analyzed,  bringing 
the     total  number  of  samples  to  80, 

Two    hundred    syringes     (aonoject(R)  — 12     cc) ,  all 
manufactured     on  the  same  day,     i.e.,     same  serial  number, 
were  acid    washed  for  optimal  sampling    conditions.  The 
washing  procedure  consisted  of  one     week  in  1:3  nitric  acid 
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bath,     and  thau  washing  and     rinsing  with  ethyl  alcohol  and 
deionized-distilled    water.       The    syringes  were  cleaned 
separately  fron  the  internal  stopper,     since  its  rubber  tip 
tends    to  deteriorate    in  acidic    environments  and  leave 
residuals  inside    the  blood     sample.       The    stoppers  were 
cleaned  with  paper  tissue,     for     the  reaoval  of  the  silicon 
grease  that  3oaes  with     it  and  then  washed    with  distilled- 
deioaized  water. 

The  syringes  were  not  dried  but  ianediately  stored  inside 
air-tight    heat-sealad  plastic    bags  until     the  time  of 
sampling.      They  were  rinsed  with  deionized-distilled  water 
ianediately  before     sampling.       After  being     washed,  the 
syringes  were  plugged  with    clean  polyethylene  caps,  which 
were    changed  after  sampling. 

The  plastic  bags  served     two  purposes:     first,  they  kept 
syringes  from  receiving  trace  element  contamination  from  the 
surrounding  environment    and,     secondly,     they    kept  them 
sterile,     a  necessary  condition  for    any  apparatus  which  is 
allowed  to  eater  the  BHTD. 

Heedles 

The  use  of  needles  is  a  subject  of  controversy.  Hospital 
personnel  avoid  the  use  of     needles  because  it  causes  added 
trauma     to    patients.     This  is  particularly    important  for 
patients  in  the  BMTD  because  they  already  receive  many  daily 
injections.       To  facilitate  these  procedures,  an  intravenous 
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(I.V.)     feediag  line  is  used,     Tkis  line  is  implanted  in  the 
patients  and  kept    in  place  until  tiiey    are  discharged  from 
the  hospital.  The  line  leads  straight  to  the  heart  and  would 
be  perfectly    suited  ior  blood    sampling  except    for  three 
aspects: 

1.  The  line  stays  busy  18  hr  a  day  during  1.7.  feeding. 
Any  saapla     taken  during  this  period     would  contain 
trace  elements  from  the  I.V,       fluid  that  would  have 
been  attached  to  the  walls  of  the  line,     and  it  would 
be  non-representatiTe     of  the  patient's    real  blood 
picture  with  regard  to  trace  elements.       In  addition, 
during  that  period,     the    blood  becomes  contaminated 
with  I.?.        fluids  which    contain  trace  element 
amounts.       Therefore  the  samples  do  not  represent  the 
true  nutritional  state  of  the  patient, 

2.  Also,  for  reasons  stated  above,     the  blood  should  not 
be  sampled  right  after  the  18  hr  I.?,  feeding.. 

3.  The  I.V.      line  is    closed  for    6  hrs    every  day 
("window")     following  the  18  hrs  I.V,     period.  An 
anticoagulant   (3  ml)   fluid  is  injected  into  the  line, 
and  stays  there  until  the  next  I.V.  period   (time  III) 
as  shown  in    Figure  2. 1.       Time  III     was  initially 
chosen  for  blood  sampling    through  the  same  broviac 
line. 
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I  Figure  2.1.  Daily  normal  I.V.  schedule  for  BUT  | 
I     patients,  | 
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Tiae  III  advantage:  After  6  hrs  of  no  I.V.  injection,  the 
trace    elemeat  coucentra tions    in  the     blood  should  have 
equilibrated  with     all  body  fluids    and  therefore     will  be 
better  rspreseatati ve    of  the    overall  nutritional  condition 
of  the  patient. 

Time  III  disadvantage:  Possible  contamination  aight  still 
occur  froa  the  anticoagulant  fluid,       in  spite  of  the  fact 
that  it  is  previously  flushed  froo  the    line  by  means  of  a  5 
B»l  blood  waste  sample. 

In  December,  1932  the  procedure  for  makinq  the  I.V,  fluid 
was  changed  in     order  to  allow  a  better    assessment  of  the 
real    situation  of     the  trace     elements    in  their  serun 
speciaens.     The  I.V.     fluid     was  originally  prepared  using 
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stainless  steel  needles,     which     were  suspected  of  causing 
sample    contamination    which      would     overestiaate  the 
concentrations  in  the  I,V.     solutions  and  possibly  interfere 
with  any  intended  correlation  between    blood  levels  and  I.V. 
levels,       Angiocatn  (fi)   needles,   which  are  non-netallic,  were 
put  into      use  in  the    preparation  of    intravenous  feeding 
solutions. 

Controls  blood    was  sampled     using  special  Teflon-oade 
needles.  According  to  Versieck  et  al.      (1980),  steel  needles 
are  responsible  for  large  additions  of  trace  metals  to  blood 
samples.     Their    work  incladed    neutron-irradiated  needles 
which  were  then  used  for    blood  collection.     The  collected 
material  showed  that  the  serum,     when  counted  on  a  germanium 
detector,    contained  many    radioactive  metals,     Tef Ion (B) 
needles  contain  insignificant  amounts    of  such  metals,  and 
are  believed    to  eliminate    such  source    of  contamination 
during  sampling  {Versieck  et  al, ,  1980). 

Sample  Preparation 

The  blood  samples  were  quickly  taken  from  the  hospital  to 
the  preparation  room,  which  is  equipped  with  a  laminar  flow 
hood*  strongly  recommended  for  this  kind  of  operation. 


1  These  hoods  are  specific  fox  sample  handling.  Filtered  air 
is  constantly  blown  on  the    sample  handling  area  in  order 
to    keep  samples,       containers    and  instruments  from 
deposition  of  airborne  dust  particles. 
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The  blood  was  centrifuged  inside  the  syringe,  in  order  to 
avoid  transfer  and  associated  contajaination  risJcs.  Several 
cent rif ugations  are  necessary  in  order    to  separate  as  aach 
serua  as  possible  froa  the  packed  blood  cells.     Only  1  ml  of 
the     10  al    initially  collected    is     discarded  in  this 
procedure.  The  saaples  are  collected  in  10  al  snap  cap  hinge 
containers  made  of  polypropylene,       which  is  the  aaterial, 
along  with    polyethylene,     best  suited  for     trace  element 
studies,  according  to  studies  by  Boody  et  al.    (1977),  These 
materials  have    been  shown     to  leach    the  smallest  trace 
element  amounts  when  compared    with  other  materials  commonly 
employed  in  the  manufacture  of  vials  and  containers, 

Freeze-drying  is  then  performed  on    the  samples  in  these 
same  containers    in  order  to    keep  tne    sample  chemically 
isolated  froa  the  laboratory  environment. 

Glass  containers  were  never  employed  since  they  contain  a 
number  of  metal  contaminants  such  as  nn,  Au,  Cu,  Ga,  La  and 
Sb  (Gills  et  al. ,  1970)  which  have  been  shown  to  leach  into 
the  sample. 

Son-powdered    surgical    gloves  were    worn  throughout 
procedures    or  syringe     wasiiing,      handling  and  sample 
preparation,     in  order    to  keep  them  free  from    any  of  the 
trace  element  contaminants  present    in  the  perspiration  from 
the  hands. 

Surgical  masks  as  well  as  safety  glasses  were  also  worn 
in  order  to    protect  the  face  and  eyes    against  acid  spills 
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and  viruses  which  the  sanpias  might  contain.  They  also  serve 
to    protect    samples  froa    deposition    of  contaainants 
resuspended  in  air  due  to  breathing. 

After  saopia    collection,     the  syringes    are  soaetiaes 
placed  inside     plastic  bags   (double-packed)       by  hospital 
personnel,      indicating  that    the     possibility  of  virus 
contaaination  exists.       According  to    oncology  physicians, 
leukemia  contaaination  is  not  likely  to  occur. 

Protocol  Description 
The  samples    were  carefully  collected  froa    bone  aarrow 
transplant    patients  at    Shands  Hospital,  Gainesville, 
Florida.       Special  authorization    for  eiperiaents  involving 
huaan  subjects  aust  be  granted  by    the  medical  staff  of  that 
hospital,      under  the    strict    regulations  that  govern 
procedures  that  those  patients  should  undergo.       Only  10  al 
per  week    were  permitted  to     be  withdrawn  froa    each  adult 
patient.       Only  5     al  were  drawn  froa    children  under  ten 
years.       Those    limitations  are    veil  justified     by  their 
already  delicate  (fragile)       nutritional  condition.  All 
research  protocols  were  designed  to    interfere  as  little  as 
possible  with  the     patients  status  since  they    are  already 
under  stress  froa  many     other  procedures.       Ten  milliliters 
would  give,  after  c entrif uga tion ,     3  ml  of  blood  and  3  ml  of 
serua.       After  freeze- drying     the  dry  weight  would     on  the 
average  amount  to  350  mg,     an  amount  by  itself  in  the  lower 


qaantitative  limit    for  the  neutron    activation  procedures 
chosen  to  evaluate  the  sought  aleaents. 

As  part  of     the  approach  adopted  in  order    to  manage  the 
difficult  blood  serum  analysis,     special  cleaning  procedures 
and  contamination  control  were  of    the  highest  priority  for 
all  sample  and  labware  handling.        A  brief  description  of 
these  procedures  follows  for  each  sample: 

1.  Plastic  disposable    syringes  were  all    acquired  from 
the  same  batch,      so  that  they  would     have  the  same 
manufacturing  characteristics,     no  biases  being  then 
expected  in  any  comparative  trends  between  samples, 

2.  The  syringes  were    cleaned  in  acid  bath     1c3  nitric 
acid  for  1  month,     then  individually  rinsed  in  double 
distilled-demineralized  water.         Polyethylene  vials 
underwent  the  same  treatment  and     were  allowed  to  dry 
in  a     hood  equipped     with  laminar-flow-BEPA-f iltered 
air. 

3.  The    syringes  were    then    individually  packed  in 
polyethylene  bags  and     heat  sealed,     to    avoid  air- 
particulate  contamination  of  inner  surfaces,     A  PVC- 
syringe-cap  kept  each  syringe  air-tight. 

4.  Once  a  weak,      blood  was  withdrawn  from    2  patients 
(average  number  of  BST  patients    who  had  their  blood 
sampled  each  week) . 

5.  The  samples  were  taken  immediately  to  the  laboratory, 
centrifuged  inside    the  syringe    in  order     to  avoid 
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trace-element  contaaiaation,  and  then  dripped,  serum 
and  blood,  into  two  different  polyethylene  vials. 
The  vials  were  all  numbered,  and  marked  with  the  date 
and  patient's  name.  Each  serum  or  blood  drop  was 
individually  checked  for  blood  or  seram  presence, 
respectively.  The  centrif ugation  procedure  takes 
about  1  hr  for  each  sample. 

6.  The  snap  cap     vial  was  thea  weighed,       sealed  with 
parafilm  and  frozen  for  further  f reeze-drying. 

7,  Seven-da ys-f reeze-drying   (a  batch  procedure,  for  each 
20  sample    group)     was  performed    at  -70oc    and  60 
microns  of     Hg  pressure,      and  samples    were  then 
reweighed,     resealed  with  parafilm     and  stored  in  a 
clean  and  dry  place. 

For  f reeze-drying,     the  samples    were  opened,  a 
small  filter  paper  placed  and    secured  with  a  rubber 
band  on  their  mouth,  and  frozen  with  liguid  nitrogen. 
These  procedures    avoided  boiling    during  the  low 
pressure  f reeze-drying  while     maintaining  the  samples 
isolated  from    each  other  after  their    turning  into 
powder. 

Hater  loss  is  then  calculated,  and  the  sample  wet- 
dry  weight  ratio  determined.         All  information  was 
recorded  in  a  logbook. 

Samples  were  then  irradiated  for  28  hrs  with  the 
1*10^2  neutron/cm2s  thermal  flux  of  the  OFTH  at  100 
kH  power. 
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8.  Twenty-four  hours  aftar  irradiation    the  saaples  were 
taken  from  the  reactor  cell  and  brought  to  a  shielded 
fume  hood,     where  they  were    digested  in  1211  HCl  and 
then  passed  through  2  g  of  HAP.     The  use  of  HAP  is  to 
remove  the  aighly  activated  Na  present  in  the  saaple. 

This  procedure  has  to  be    accomplished  in  a  short 
period  of     tiae,     since     sons  of    the  sought-after 
elements  have  activation     products  with    short  half- 
lives  like  **Cu,  and  "ZBr. 

9.  Saaples  were  rhen  counted  twice  each,     first  for  the 
determination    of    highly    activated  short-lived 
radionuclides.     This  first  count  should  take  place  48 
hr  after  the  end  of  the  irradiations. 

The    second    count  searched    for  longer-lived 
elements,  clearly  seen    after  the  decay     of  shorter- 
lived  radionuclides.     Such  a  condition  would  occur  25 
days  after  the  end  of  the  irradiation. 

10.  Analysis    would  then     proceed    by  measuring  known 
amounts  of  Cu,  Br,  K,     Co,     Se,    Fe,     Zn  and  Cr  as 
primary    standards  in    a  comparative  methodology, 
called  the  comparator  method,     which  is  described  in 
Appendix  A. 

Sith  such  small  samples    available,     good  precision  and 
accuracy  would     only  be  attainable    by  using    long  enough 
irradiation  schedules.       Adequate  precision  was  obtained  in 
16  hr  irradiation,     but  sines  so  much  time  and  material  was 
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involved,     aad    since  the    necessary  precision    for  trace 
element  concentration  determinations  was  not  known,  a  longer 
irradiation  time  was    a  clear  alternative  for    more  precise 
and  accurate  results,       Twenry-eight     hours  irradiation  was 
chosen  as    tne  irradiation  time  to    be  used  for     the  serum 
samples  in  this  study. 

Only  very  small  blood  samples  were  available,  for  reasons 
stated  above,       while  several   (7)     were    the  sought-after 
elements.      Such    limitations  (sample  size  and    number  of 
sought-after  elements)     demanded    extreme  cleanness  during 
sampling  aad  analysis    and  the  need  for    handling  of  highly 
radioactive  materials.       The  need    also  arose  for  chemical 
treatment  and  separation  of  the     sample  and  for  2  countings 
of  each  sample  after  irradiation.      Eighty-four  samples  and 
24  standards     were  irradiated  in    8  batches  of     12  samples 
each.       Each  batch  was  irradiated    for  3  consecutive  days. 
Each  sample  or  standard  was  counted  for  2  hrs  and  then  again 
for  5  hrs,  3  weeks  later,  producing  216  spectra  and  756  data 
points. 


CHAP  TEH  III 
HETHODS  — SEaaa  AHALISIS 


Irradiations 
Selection  of  Optical  Procedure 

Several  tests  were  perforaed  in     order  to  determine  what 
would  be    the  optiaal  procedure     to  be  followed    for  serum 
samples — particularly    with     regard  to    their    high  Na 
content — when     analyzing    for  such  trace    elements.  Pive 
possible  irradiation  and  chemical    separation  schedules  were 
attempted  as  follows: 

T»     Short  time  irradiations.     Dry  serum  test  samples  were 
irradiated  for  15  seconds    in  the  pneumatic  transfer 
system  of  the  OFTB  and    then  counted  on  an  intrinsic 
germanium  detector.     The  sought-after  peaks  could  not 
be    observed    because    of  the     presence    of  the 
interfering  Na  spectrum, 
2.     Sodium  extraction  after  a  short  time  irradiation.  It 
was  expected  that  a     short  irradiation  would  produce 
several    short-lived     nuclides,       and    that  the 
elimination  of  the  Na    interference  would  allow  them 
to  be  quantitated.     The  Ha?  resin,  discussed  earlier 
in  Chapter  I  was  designed  to    hold  Na  atoms  at  a  very 
low  pH  and  allow  all     other  elements  to  pass  through. 
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The  rasin,  however,     proved  to  work  slowly.       A  few 
hoars  were  required     per  sample  after  which     tiae  no 
short-lived  nuclide  activity  remained, 

3.  Sodium  extraction  before  a  short  tiae  irradiati on  was 
then  attempted     following  a    procedure  reported  by 
Nyarka  and  Chatt   (1982)   for  sea  water  analysis.  Sea 
water  is     well  suited  for  this    procedure  priaarily 
because  large    saaple  volumes    can  be    obtained  and 
little  treatment    is  necessary    before  passing  it 
through  the  resin.     Small    serum  samples,  however, 
suffer    from  the    fact  that    they    can  be  easily 
contaminated  by  glassware,  acids,  and  even  the  resin, 
which  contains  large  amounts  of  Sb. 

4 .  Cheaiqal    se paration  Erior    to  long,  irradiations. 
Sodium  was  removed    from  the  samples  using     the  HAP 
resin.  After  that,  they  are  in  liquid  form,  dissolved 
in  12  li  HCl,     and    probably  contaminated    with  some 
resin  material,       as  well    as  from     the  glassware. 
Plastic  funnels  and  beakers,     made  of  polyethylene  or 
polypropylene  were  used,     to  avoid  metal  contaminants 
likely  to  occur  with  the  use  of  glass.       Wet  samples 
cannot  be    sent  into  the     reactor  if     not  properly 
contained.       Quartz  vials  are      extensively  used  as 
containers,     but  weight  control    of  the  saaple  turns 
out  to     be  difficult     to  maintain.         A  test  was 
performed  with  a  sample  which  had  been  irradiated  for 
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16  consecutive  hours.         So  Na  was  present     in  tlie 
sample;     therefore  it  could  be    counted  a  few  hours 
after    irradiation  without    concern  for  excessive 
radiation  exposure.       However,     several  peaJcs  in  the 
saaple  were  related  to    ^^^5h  apparently  leached  fro« 
the  resin.       Such  interferences  were  very  strong,  and 
this  procedure  did  not  appear    to  be  adequate.  Worlt 
was  done   (Nyarku  and  Chatt,   1982)     in  order  to  reduce 
leaching  of     Sb  in    these  situations     with  lioited 
success. 

Cheaical     separation    after    irradia  tion.  This 
technique  has    the  disadvantage    of  high  radiation 
doses  associated    with  the    saaple  handling  after 
irradiation.       It  requires  detailed  planning  to  avoid 
uanecessary  exposures    and  organization  of    work  in 
case    several    sanples    are      to    be  prepared 
simultaneously.        For      large    sample  sizes, 
precipitation  methods  can  be  used    in  order  to  obtain 
significant  amounts    of  the    sought-after  elements. 
Such  methods  cannot  be  used,  however,     if  only  a  very 
small  saaple  is    available  and  if  aany     elements  are 
under  investigation. 

Instead  of  working  in  a  way    to  select  what  was  to 
be  aeasured,  as  it  normally  occurs  in  trace  analysis, 
this  study    concentrated  first     on  eliminating  the 
interfering  Na  and  then  focused  on  the  trace  elements 
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raaainiag  in  the  saaple.     For  this  reason,  the  use  of 
the  HAP     resin  became    an  essential    part  of  the 
procedure. 

Several  elements  could  be  detected  with  acceptable 
precision,     but  to  achieve  even  aore  accurate  results 
the  irradiation    tiae  was  increased    from  16     to  28 
hours. 

The     potential  for    precise     determination  of  several 
sought-aftar  trace  eleaents  in  these    sarua  samples  made  the 
fifth  procedure    the  one  chosen  for    analysis.  Hadiation 
exposures  were  believed  to  be  of     no  great  concern  in  a  well 
applied  program    with  pre-planned    and  carefully  executed 
procedures. 

Irradiation  Scaeae 

Irradiations  were  performed  in  3  daily  steps,  totalling 
28  hrs  for  each  set  of  samples. 

Sixteen  hours  after     the  end  of  the    irradiation,  the 
samples,     in     batches  of     12,     were     recovered  by  the 
experimenter  and  digested  in  acid  (1211  HCl)  .     After  passing 
them  through  the  resin,   which  required   12  hrs,  they  were  Na- 
free  and  ready  for  counting.       In  order  to  obtain  results  on 
Cu,  Zn,  Br,  and  K,  a  3-hour  count  was  necessary.  Twenty-five 
days  later,  the  samples  were  counted  again  for  5  hrs  each  to 
obtain  accurate  statistics  for  Zn,  Se,  Fe  and  Co, 


39 

The  same  procedure  was  followed  for  the  primary  s-tandards 
prepared  in  the  laboratory.  Performing  NAA  by  the  comparator 
method  requires  that  standards  and  samples  be  irradiated  and 
counted  under  the  same  conditions.  Appendix  B  describes  the 
method  and  how  it  was  applied  in  this  research. 

Hesin  Tests 

Two  tests     were  carried  out    in  order  to     evaluate  the 
performance  of  the  resin.       Known  amounts  of  these  elements 
were  irradiated  and  then  diluted  in  12N  HCl.      The  solution 
was  counted  on  a  Ge  detector,  then  passed  through  the  resin, 
and  counted  again.     If  the  resin    cannot  adsorb  the  sought- 
after  elements  in  significant  amounts    then  the  counts  under 
their  activation     peaks  after    the  resin    treatment  should 
egual  the  ones  before  the  treatment. 

As  seen  below,     HAP  proved  to    work  well  when  one  of  the 
standards  was  irradiated,    digested  in  acid  and  counted  for 
Cu,  K,     and  Br,     then  passed  through  the  resin  and  counted 
again.     The  closeness  of  the     numbers  shows  that  the  resin 
does  not  adsorb  significant  amounts  of  Cu,  K  or  Br,  as  shown 
on  Table  3,1. 
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Table  3.1.  Counts  under  activation  peaks  before  and 
after  HA?  elution. 


Bleaent 


Before  HAP  elution 
(counts) 


After  elution 
(counts) 


Br 
Cu 
K 


359  10.2 
13-6  .0396 
0.194  +-  0.00831 


351  10.7 
13.7  +-  .0289 
0.165  +-  0.0063 


L. 


The  resin     seems  to  work    efficiently  for    these  three 
elements.     To  evaluate  the  behavior  of  the  resin  with  regard 
to  Zn,  Fe,    Co,     Cr  and  Se,     the  contents  of  one  set  of  12 
spent  columns     was  counted  on    the  detector  after    a  decay 
period  of  3  weeks.     The  object  was  to  check  for  the  presence 
of  such     elements,     which    would  indicate     that  a  non- 
guantitative  elution  had  taken  place. 

Tie  column  used    in  such  tests  did  not    have  the  filter 
paper  positioned  above  the  resin.     The  filter  paper  was  only 
used  after    the  second  batch    of  samples  as    described  in 
Appendix    B.       This    evaluation,     therefore,  produced 
conservative  results.        It  was  concluded  that,       on  the 
average,     for  each    serum  sample  that  passes    through  the 
resin,   less  than  ^0%  of  the  Se  was  retained.     All  Zn  passes 
through,  as  well  as  more  than  99%  of  Pe,   99X  of  Cr  and  99. 9X 
of  Co. 
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Contamination  Assessaent 

The  sample  lias  contact  with    only  tvo  types  of  material: 
syringes  and  storage  vials,       A     test  was  performed  in  the 
early  stages  of  the  study    with  the  oijjectiye  of  evaluating 
possible    sample  contamination    sources,       A  qualitative 
determination  of     xhe  syringe    and  black    stopper  material 
revealed  a  high  content  of  Zn. 

Further  studies  showed  evidence    of  sample  contamination 
Hith  Zn.      Four  acid  cleaned  containers  were  used,  3  of  them 
containing  pure  water   (distilled  and  deionized)   alone,  pure 
water  which  had    been  in  contact  with  the    interior  of  the 
syringe  for    30  minutes*  and     pure  water  which    was  shaken 
inside  the  syringe  for  the  same  30  minutes. 

The  three  water  samples  were  freeze-dried  and  irradiated 
for  5  hrs,  along  with  an  empty  visuL  which  served  as  a  blank. 

The  results  made  evident  the  lack  of  contamination  by  any 
of  the  sought  elements.      Zinc  peaks,  however,     showed  the 
following  numbers  of  counts: 

1.  2mpty  container   (blank)  none 

2.  Pure  water  container  none 

3.  Pure  water  30  min  in  syringe  160 

4.  Pure  water  shaken  30  min  in  syringe  740 


1  The  blood    samples  would     stay  in     the  syringes    for  an 
average    time  of     30     minutes,     comprising  sampling, 
transportation,   centrifuging  and  serum  separation. 
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It  was  concluded  that    tlia  syringe  environaeat  introduces 
Zn  into  the  samples.     The  introduced  aaounts  are  significant 
¥han  Gonpared     with  the  levels    expected  for    huaan  serun. 
Such  contamination  is  in  the  order  of  0.3  ag/al,     or  ^5%  of 
the  normal  Zn  levels. 

Primary  Standards 

Two  sets  of  primary     standards  were  made,  one  for  Cu,  K 
and  Br  and  another  for  Se,  Fe,     Zn  and  Co.       The  first  set 
contained  quantitative    information  for    the  short  lived 
elements  Cu,  Br  and  K.     This  set  was  analyzed  two  days  after 
irradiation.       The     second  set  was    equally  dilated    to  a 
standard  volume,     however  it  was  counted  only  25  days  later. 
They  were  kept  separated  to  avoid  interferences,   high  matrix 
background  and    because  of  practical  limitations    in  their 
produc  tion. 

The  elements  used    were  obtained  from  the    Department  of 
Chemistry.       Some  elements  were  obtained  in  elemental  form, 
while  others  were  only  available    in  the  form  of  compounds. 
The  compounds     used  for  the     production  of    standards  are 
listed  below: 

1*     Potassium  chromate 

2.  Perrons  ammonium  sulfate  hexahydroxy 

3.  Cobalt  sulphate 

4.  Zinc 

5.  Potassium  hydroxide 
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6.  Potassiua  brcaide 

7.  Eed  saieniuffl  (aaorfous) 

Each  set  consisted  of  12  plastic  bags,  each  containing 
100  ul  of  standard  solution,  which  contained  known  amounts 
of  each  sought  trace  eleaent. 

The  bags  were  heat-sealed  and  placed  inside  a  second  bag, 
also  aade  of  polyethylene.  The  second  bag  was  used  in  order 
to  avoid  contaaination  to  the  external  surface  of  the 
internal  bag,  which  later  was  immersed  in  water  to  bring  the 
trace  eleaent  aaount  up  to  the  75  al  beaker  geoaetry  for 
counting.  In  this  say,  when  the  externeil  bag  was  discarded, 
the  internal  one  was  virtually  free  f roa  contaaination. 

One  bag  containing  the  standard  solution  for  Cu,  Br  and  K 
was  placed  inside  the  irradiation  vial  along  with  the  second 
bag  containing  the  Se,  Fe,     Zn  and  Co.       A  total  of  24  bags 
were     placed  inside     the     12  vials    to    utilize  the  12 
irradiation  positions    assigned  according  to    the  analysis 
design  discussed  in  Appendix  A. 

These  standards  underwent  the  saae  irradiation,  decay  and 
counting  procedures  assigned  to     the  saaples  which  occupied 
the    saae    respective     positions    inside    the  reactor. 
Positioning  was  again  iaportant,       and  the    standards  were 
nuabered  froa  1  to  12  for  Cu,  3r  and  K    and  13  to  24  for  Se, 
Fe,  Zn  and  Co, 

The  bags  were     carefully  opened  with  clean    scissors  and 
the  scissors  were  then  washed  above  the  geoaetry  baaker  with 
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distilled-deioaized  water  so  that  this    irater  and  any  trace 
eleiaents    within    could  be    recovered    for  quantitatiire 
determination.        The  bags     were    throughly  washed  with 
distilled-deionized  water,      and  after  that  placed    on  the 
detector  to  check  for  any  Cu,     Br  or  K  that  could  have  been 
left  in  the  resin. 

Copper  and  K  were  never  found  in  this  procedure,  meaning 
that    all  the     amounts  initially    transferred  froa  those 
standard     100  ul  were  now    diluted  to  the  standard  counting 
geometry.       Brooine,  however,     could  be  detected, suggesting 
that  some  of  it  may  have    become  attached  to  the  bag  walls. 
This  behavior  has  been  previously    observed  and  commented  on 
by  some  researchers   (Woittiez  and  Das,  1982). 

Bromine  and    Si  peaks  were    clearly  identified    in  the 
external  bag    radiation  measurements  indicating     that  these 
elements  are  present  in  the  bag  material.       The  experimenter 
had  his  gloves    also  counted,     and  Sb  was    found  on  them. 
Polyethylene  bags,     as  concluded,     will  leach  Sfa  after  long 
time  irradiations. 

One  of    each  set  of  standards    was  diluted  in     12 N  HCl 
instead  of  water.     As  described  in  the  previous  section,  the 
intention    was  to     test     for    resin  properties,  more 
specifically,      non-adsorption  properties    of  the  resin 
concerning  the    sought-after  trace  elements,     since    it  is 
desir3d  that  all  trace  elements  be    able  to  pass  through  the 
resin  without  being  adsorbed.        Standards  were  prepared  in 
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such  a  way  that  the  aaount    of  trace  elements  placed  in  100 
ul  of    stock  solution    would  be    approxinately  the  ones 
expected,     according    to  values  compiled  by     Versieck  and 
Cornells   (1980),  ia  3  al  of  serum. 

HA£ 

is  stated  previously,    biological    samples  contain  high 
levels  of  Ha,     which  is  readily  activated  during  irradiation 
and  can  become    a  major  interference  in    neutron  activation 
analysis.       Sodiua-23     has  a     high  thermal     neutron  cross 
section  and  comprises  100X  of    stable  Na  thereby  producing  a 
large  amount  of  2*Sa  with  a    half -life  of  15.02  hrs.  This 
produces  significant  interference  in    samples  irradiated  for 
long  periods  of  time  (i.e.  hours). 

Such  interference    can  be     observed  even    in  short-time 
irradiations,     for  example  a  few  seconds,     although  not  as 
markedly  as  in  long-time  irradiations.      In  the  latter  case 
other  long-lived  elements    can  be  detected  only     after  the 
decay  of  the  activated  Na.        One  hundred  milligrams  of  dry 
serum,     activated  for  2  days,     requires    a  decay  time  of  2 
weeks  before  fe,  Se,  Zn,  and  Co  can  be  detected.  Shorter- 
lived  elements  like  Cr  cannot  be  measured  in  this  situation. 

Hydroxy  Antimony  Pentoxide  (HAP)    was  originally  developed 
by  Girardi  and  Saboioni   (1968)     in    order  to  remove  Na  from 
samples.       This  is  achieved  by     passing  samples  diluted  in 
very  acidic  solutions  through  the  resin.  Very  low  pH  samples 
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are  a    oust  if    Na  is  to    stay  in    the  resin    while  high 
percentages  of  other  elements     pass  through,     according  to 
experiments  oy  Krishnan  and  Crapper  (1975). 

Unfortunately,     the  procedures  involving     the  design  of 
experiaents,     resin  preparation  and  use  are  not  detailed  in 
availaiie  references, 

as  Mas  determined  in  this  study,     some  important  details 
aust  he  observed  if  the  resin  is  to  work  as  expected.  These 
are  described  in  Appendix  6. 

The  properties     which  are  important  for    the  successful 
operation  of  the  rssin  are 

1.  The  resin  should  hold  Na     and  allow  other  elements  to 
pass. 

2.  It  should    be  resistant    to  high    concentrations  of 
acids  and  high  radiation  exposures, 

3.  It  should  work    fast  to  keep  radiation    doses  to  the 
experimearer  as  low  as  possible, 

4.  The  rasin  should  have  a  high  retention  capacity 
(i.e.,  30ag  of  Ha  par  gram  of  resin).  The  higher  the 
retention  capacity,  the  smaller  will  be  the  amount  of 
resin  needed.  This  is  a  desirable  condition  since  the 
resin  cost  is  relatively  high,  ($230  per  500  g) .  Each 
assembled  column  contains  approximately  2  g  of  resin. 

5.  It  should  have  a  high     percentage  of  large  granules. 
Small  grains  will  offer    a  larger  adsorption  surface 
per  unit  of  weight,     but  they  often  cause  clogging  of 
the  resin. 


The  resin,  actually  an  inorganic  ion  exchanger,  worked 
adequately  for  the  purposes  of  this  research.  All  the  Na 
was  removed  froa  the  samples,  and  very  high  percentages  of 
the  sought-after  trace  elenents  passed  through.  These  other 
elements,  however,  are  not  iielieved  to  interact  chemically 
with  the  resin. 

It  was  concluded    from  testing  that  the    presence  in  the 
resin  of  soae  long-lived  elements    after  elution  was  due  to 
the    limited  sample      digestion    techniques  used.  The 
digestion  employed  was  limited  because  of  Se,  a  sought-after 
volatile  element,     with  the    result  that  high  temperatures 
could  not  be  employed.     Thus,  the  non-dissolved  parts  of  the 
sample  are  not  able  to  pass     through  the  resin,     and  could 
cause  quantitative  underestiiflations.       The    resin  has  been 
employed  in    the  removal  of    Na  from  seawater     (NyarXu  and 
Chatt,   1  982),     glass  (Gills  et  al. ,     1970),     roclc  samples 
(Baiston  and  Sato,     1971),     potatoes^   {Torok  et  al, ,  1973) , 
standard  reference     materials  (Guinn  et    al,,1977),  whole 
blood  (Ward  et  al, ,  1979)     ,     and  serum  (Boittiez  and  Das, 
1982).      Krishnan  and  Crapper  (1975)    tested  the  retention  of 
the  rasin  for  several  trace     elements,     for  five  different 
concentrations    of  sulfuric,       perchloric,     nitric  and 
hydrochloric  acid  mediums.     The  best    results  came  from  12N 

2  This  6-paga  paper  was  fully    translated  from  German  by  the 
author  for  this  study.     Copies    are  available  at  the  UTTB 
Hadiochemistry  laboratory. 
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HCl  oedium,       in  whicii  sodium  was    quantitatively  (>99,9$) 
retained  while     aany  other    elements  were  quantitatively 
elated. 

Sodium    ramoval  prior    to  separation    is  an  alternate 
procedure,     attempted  in  serum  by    Woittiez  and  Das  (1982) , 
but  it  has  three  setbacks: 

1.  A  very  clean  laboratory  is  necessary,  to  keep  samples 
free  from     trace  contaminants  prior    to  irradiation. 
Laboratory  apparatus    and  even  the  resin    should  be 
assigned    special    cleaning    protocols.  Clean 
laboratories    are    sophisticated      and  expensive 
facilities,     requiring  trainned     personnel  for  their 
operation  and  maintenance. 

2.  The  samples  result  in  wet    and  highly  acidic  mediums. 
They  require  freeze- drying,     which  is  not  an  advised 
alternative  for  low  pH  samples,      or  ashing,     if  no 
volatile  elements  are  under    consideration,     or  even 
quartz  tube  vials  to  contain     the  wet  samples  during 
irradiation. 

3.  The  HAP  resin  leaches  considerable  amounts  of  Sb  into 
the  samples.       After  activation  ^^^Sh,  with  60.2  days 
half-life,  becomes  a  major  interference  which  is  very 
difficult  to  control.       Nyarku  and  Chatt  (1982)  made 
several  attempts  to  reduce    this  interference,  with 
limited  success. 

^1 
'i, 


Post  Irradiation  Procedures 
After  elation,     as  described  in  Appendix  B,     the  samples 
were  counted.       The  practical    iapossibilit y  of  having  the 
UFIE  at  IGO  IcH  power  for    28  consecutive  hrs  deterained  the 
following  irradiation  schedule,  for  each  set  of  samples: 

day  1:  9:30  AH  -  5:30  Pf! 

day  2:  8:00  AH  -  6:00  PH 

day  3:   8:00  AH  -  6:00  PH 
On  the  fourth    day  the  saaples  were    retrieved  from  the 
reactor     and     taJcen  to     the     "hot    cell"  in     the  DFTB 
Hadioche aiistry  Laboratory.     They  were  immediately  processed, 
in  order  to  be  ready  for  counting  at  1:00  PH  of  the  5th  day. 
This  procedure     usually  required    overnight  monitoring  to 
checlc  for    adequate  digestion    of  the    sample.  Problems 
involved  with  sample    digestion  are  discussed  in     the  next 
section. 

Since  several  samples  were  to    be  irradiated  at  the  same 
time  and  under  a  discontinuous  schedule,  a  special  procedure 
for  counting  and  positioning  of  samples  was  designed.  This 
procedure     maintained  the    integrity    of  the  comparator 
methodology,  as  described  in  Appendix  A. 

Copper,     K  and  Br  poaks     were  accumulated  within  60  hrs 
after  the  end  of  each  irradiation. 

The  accumulated    counting  spectra     were  analyzed    by  a 
computer-based  analyzer  system,       a  Tracor-Northern  (TN-II) 
analyzer  coupled  to  a  intrinsic    Ge  detector  (Ortec) ,  and 
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equipped  with  a  floppy-disk-drive  for    storage  ox    up  to  19 
spectra  oa    one  8"     disk.       Two    ADC's  acquire    from  t¥o 
detectors  siaultaneously .       Back-up  copy    disks  were  always 
produced  to  avoid  accidental  loss  of  data, 

Approiiaately  3     weeks  later,       the  same     saaples  were 
counted  for  t*ie  longer  lived  eleaents  Zn,  Cr,  Fe,  Se  and  Co. 

Analysis  was    perforaed  as  before    for  each  of     the  8U 
saaples    and  24    standards.       A     total    of  8  long-tiae 
irradiations  were  perforaed  in  the  OFTB  within  a  period  of  4 
aonths.     The  final  results  are  plotted  in  Chapter  I?. 

Testing  of  Alternative  Procedures 
Docuaented     research  on    HAP    applications  on  neutron 
activation  of  high-sodiua-content-aaterials  shows  nitric  and 
hydrochloric  acids  as     the  aost  preferred  acids    for  saaple 
digestion  and  resin  elation,         Krishnan  and  Crapper  (1975) 
have  aade    extensive  evaluation  of  several    acids.  When 
highly  concentrated,     hydrochloric  and    nitric  acid  aediuas 
allow  aore  than  99. 9S  sample  sodium  retention.       Other  acids 
studied  were  sulfuric  and  perchloric  acids.       The  literature 
is  not  explicit,  however,  on  how  the  dry  serum  saaple  should 
be  digested.     Acids  alone,     even  when  highly  concentrated, 
will  take  many  hours  for  partial  saaple  digestion.     Heat  was 
used  in    this  study    because  it     proved  to    proaote  quick 
digestion,     turning  the  saaple  into  a  clear  brownish  liquid. 
However,     elevated  temperatures  jeopardized  the  stability  of 
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Se  in  the    simple.     The  boiling  point  for    this  eleaent  is 
6850C  (CEC    manual  1983)       and  60oc     was  the  digestion 
temperature  chosen  tor  this  analysis.     This  temperature  was 
expected  not     to  produce  significant    loss  of  Se    even  in 
eventual  hot  spots    that  might  eventually  form    inside  the 
liguid.      Infrared  lamps  were  used  for  this  purpose.  Their 
positions  and  distance  were    determined  through  measurements 
using  a  thermometer  placed  inside  an  acid  blank. 

Hydrochloric  acid  showed  better  digestion  properties  than 
nitric  acid  for  serum  samples.        A  precipitate  was  formed 
when  nitric  acid  was  used,       which  would  sometimes  stick  to 
the  test  tubs  walls,     not    offering  conditions  for  adeguate 
guantitative  removal.       This  precipitate  was  in  the  form  of 
yellowish  lumps  of     low  density  material  and  1  to    2  mm  in 
di ameter , 

The  use    of  12 S     HCl  acid  produces    the  same    type  of 
sticking  lumps  but  in  much     lower  amounts  and  smaller  size. 
Serum  samples  can  be  digested  well  enough  to  not  show  any  of 
these  irregularities.     There  is  an    interval  of  time  during 
digestion  in     which  the  sample    shows  itself  free    of  any 
lumps,     which  are     probably  due  to  the    formation  of  some 
complexes,    in  a    process  catalized  by  the    applied  heat. 
Lumps  can  be  avoided    if  the  heat  is  turned  off     as  soon  as 
the  sample    can  be,      by  visual    inspection,  considered 
digested.       High  levels  ox  radiation  exposure,  however,  will 
limit  the  presence  of  the  experimenter  to  a  few  minutes  each 
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iioQr.       The  existence  of  these  lamps  can  cause  accumulation 
of  the  saaple  on  top  of  the  resin.       The  two  main  effects  of 
this  are: 

1,     The  non-digested  part    of  the  saaple  will    not  pass 
through    the    resin,       ultiaately    resulting  in 
v^uanti tative  underestimation  of  concentrations, 
2*     These  lumps  would  soaetiaes  clog  the  resin.  Heating 
of  the  coluan     with     infrared  lamps  seemed     to  solve 
the  problem    by  thermal    convection  of     the  sample 
solution,     but  not  without    producing  bubbles  in  the 
inner  resin  due  to  boiling    of  flCl.       These  bubbles 
cause  loss  of  retention  power  for  the  resin.  Higher 
amounts  of  it  are  then  necessary.  As  well  new  studies 
are  necessary    in  order    to  evaluate    its  behaviour 
under  different  temperatures. 
Paper  filters  were  used  in    order  to  control  the  problems 
produced  by    limited  sample  digestion.       They    were  placed 
inside  the  funnels  and  on  top  of  the  resin.     Any  lumps  would 
be  kept  on  the  filter,     which  would,     after  the  first  count 
for  short-lived  elements,  be  placed  inside  the  75  al  beaJcers 
for  decay  and  later  yielding  of  concentration  values  for  the 
longer-lived  elements.       The  filters     pass  to  contain  high 
amounts  of  radioactive  Na,     and  for  this  reason  they  cannot 
be  placed    in  the     beaker  for    the  first    count.  Some 
underestimation  of  Cu,     K  and  Br  concentrations  will  result, 
of  course,     sines  many  of  these    atoms  stay  in  the  filter. 


53 

These  amounts  were    not  considered  to  be    significant  when 
compared  to  saaple  levels. 

Biological  saaples  produce  large  peaks    due  to  K  and  Sr. 
Their  half-lives    are  12.36  hrs  for  and  35.3     hrs  for 

•2Br,  respectively.       The  identification  of  any  other  trace 
elements  turns  out    to  be  very  difficult    during  the  first 
week  after  irradiation.   Only  Cu,   K  and  Br  can  be  effectively 
identified  and     quantitated.       The  filters    were  througaly 
washed  with  12»  HCl  while  still  in  the  funnel  columns.  No 
specific  measurements  were  made  here,  due  to  the  presence  of 
high  bla  interfering  activities.        The  sought-after  longer- 
lived  Co,  Sa,     Fe  and  Zn    possess  half -lives  in  the  order  of 
months  or  longer,  namely, 

Co:  5.27  years  (*«Co) 

Se:    120  days  (^'Se) 

Fe:  44.6  days  (*»P9) 

2n:   243. 8  days  (*szn) 
One  element,  Cr,  whose  activation  product  **Cr  has  a  27.7 
day  half-life,  could  not  be  detected  after  3  weeks  of  decay. 
It  might  be  possible  to  detect  Cr    if  Br  and  K  were  removed 
from  the  sample. 

Boittiaz  and  Das   (1982)     have     designed  a  procedure  that 
allows  elimination  of     Na,     Br  and  CI    from     serum.  It 
involves  the  mineralization  of  1  ml     of  serum  with  2  ml   14 a 
nitric  acid  in  a  Teflon-lined  pressure  vessel  at  140 "C  for  2 
hrs.     After  mineralization,     the    sample  is  evaporated  to 
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dryness  {reBoval  of  Cl,     3r  and    I)  .     The  residue  is  then 
redissolred  ia  1  ml  nitric  acid.       The  high  temperature  step 
is  intended  to  aineralize  the  sample,     aaJcing  the  Br  and  Cl 
atoms  -free  to     volatilize  under  the  heat    lamp.       The  saae 
procedure  was  attempted    in  this  study,     without     the  high 
temperature  mineralization  step  because  of  the  volatility  of 
Se.     Bromine  proved  to  suffer  no  evaporation  of  any  sort  in 
this  case.       after  the  evaporation    step  the  sample  should 
have  its  pH  lowered  and  then  be  eluted  through  the  resin  for 
Ha  removal.     Torok  et  al.      (1973)  separated  Sa,  K  and  P  with 
the  help  of  resins,  in  an  automatic  apparatus  for  continuous 
digestion,     elation  and  counting      of  biological  activated 
materials.      They  showed  that  the  resin  would  work  well  in  a 
practical  application  when  control  existed    over  a  series  of 
characteristics  like  amount  of  resin,  grain  size,     sample  pfl 
and  elution  speed. 

Badi ation  Exposure  Levels 
The  design  of    experiments  of  such  type     has  to  include 
radiation  safety  considerations.       Eight  irradiations,  of  3 
days  each,     were  performed  for  12  samples  at  a  time.  Even 
after  1  day  decay  inside    the  reactor,     the  sample  assembly 
described  in  Appendix  A  showed  exposures    of  350  m£/hr  at  1 
foot.      The  assemblies  were  shielded  and  then  rushed  to  the 
hot  cell,     lield  at  as  great  a  distance  as  possible  from  the 
body.     Less  than  2  mrem  whole  body  dose  were  received  during 
this  transportation  step  for  each  batch  of  12  samples. 
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Oqc€  inside  the  hot  cell,     the  samples  were  unpacked  and 
disasseabled  through    the  use    of  aechanical    arms.  The 
colunns  were  pre- assembled,     so  that  the  experimenter  coald 
do  the  work    faster  and  without  staying     in  the  laboratory 
longer  than    necessary.      All  glassware  was     ready,  acid 
bottles  full  and    infrared  lamps  on  and    positioned.  Any 
activity  subjected  to    advanced  preparation  was  performed  as 
such . 

The  vials  were  individually  taken  to  the  fume  hood  in  12 
carefully  executed  transferring  procedures. 

Their  contents     were  qualitati vely^  transferred     to  test 
tubes  arrangad    in  a  way    to  receive  infrared    light  which 
would  bring  their  contents  up  to  60  <»C.     Empty  vials  offered 
exposures  in     the  order  of  10     mH/hr  at  1     foot  distance. 
Their  contents  were  responsible,     in  average,     for  7  afi/hr 
exposure  at  1  foot.       When  ready  for  digestion,     the  whole 
assembly  showed  exposures    in  the  range  of  100     mR/hr  at  1 
foot. 

After  adding  few  ml  of  acid  to  it,     the  experimenter  left 
the  laboratory  for     the  following  hour,     for    this  is  the 
approximate  length  of     time  necessary  for  the    digestion  to 


3  The     powder     serum    samples    were     transferred  after 
irradiation  to  test  tubes  for    acid  digestion.     The  high 
radiation  levels  made    guantitative  transfers  prohibitive 
because  of  time  exposure  considerations.  In  order  to  solve 
this  problem,     the  full  vials     had  their  weigat  recorded 
before  irradiation,     and  were    reweighed  after  decay  (one 
month  later)     to  estimate  vial  plus  sample  remains  in  it. 
Subtraction  of     the  latter  values     from  the    first  ones 
yields  the  weight  of  the     powder  sample  transferred  to  the 
test  tubes  for  immediate  acid  digestion. 
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start  taking  placa.  At  this  point,  radiation  absorbed  doses 
were  as  s^ioHn  in  Figure  3.  1  for  the  accumulated  body 
distribution  dosas  after  batches  number  1  (top)  and  number  8 
(bottom).  Absorbed  doses  are  much  lower  for  the  last  batch, 
suggesting  that  the  radiation  safety  considerations  which 
were  progressively  added  to  the  experiment  protocol  resulted 
efficient  and  appropriate. 

The  fume    hood  was    equipped  with    lead  shielding  and 
negative  air  pressure,     due  to    the  expected  high  levels  of 
radiation  and  acid  fumes.      A  HEPA  filter  was  placed  in  the 
air  outlet  of  the  fume  hood. 

The  funnels  containing  the  resin  were  placed  behind  heavy 
shielding  since  during  elution     they  were  radioactive  enough 
to  interfere  with  any  sample    being  counted  on  the  detector. 
The  experimenter    inspected  the  set-up  every    hour.  Heat 
lamps  were  turned  off  if  the  samples  looked  digested. 

Special  attention  was  always  given    to  the  resin,  which 
becomes  radioactive  from    the  moment  of  elution     by  holding 
2*lla  atoms.       It  was  thereon  treated  as  radioactive  material 
possessing  a  half- life  of  15     hrs,     as  determined  by  ^^jja. 
Even  after  elution,     when  sample  activity  drops  to  very  low 
values,     the  samples  ware  kept     away  and  shielded  from  the 
detectors  since  they  are  very  sensitive  to  gamma  radiation. 

Background     evaluations  were     done     for     each  set  of 
measurements,     in  order  to  identify  any  possible  new  sources 
of  radiation  in  or  outside  the  laboratory. 


Figure  3.1.  Accumulated  oody  distribution  doses  for 
batches  namber  1    (top)  and  number  B   (bottom)  . 


CHAPTSE  IV 
fiESULTS  AND  DISCOSSION 

Results 

Results  of  the     serua  analysis  for  this    study  follou  ia 
graphical    form  in    Figures     4.1 — '♦,21*      Trace  element 
concentrations  are  plotted    against  tiae.     The  time  is 

always  the  bone     narrow  transplant  date  for     each  patient. 
Results  for  the  controls  were     plotted  without  following  any 
particular  rule  with  regard  to  time. 

The  coding  numbers  are    patient's  identification  naabers 
at  Shands  Hospital,       The    graphs  show  trace  concentrations 
for     acute    myelogenous  leukemia,      chronic  myelogenous 
leukemia,     acute  lymphoblastic  leuJcemia,     aplastic  anemia, 
clinically  healthy     (control)     subjects  and  lor     two  other 
disease      conditions    also      requiring    bone  marrow 
transplantation  for  their  treatment. 
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Figure     U.  2.     Serun     Cu     concsntrations  for  acu-te 
lyapiioblastic  leukeaia  and  aplastic  anemia  patients. 
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Figure  LS,  Serum  Cu  concentrations  for  other  disease 
conditions  and  for  9  control  subjects. 
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Fi jure        5.     Scrua     X    conceutrations  for  acute 
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Figuxse  4.6*  Serum  K  concentrations  for  other  disease 
conditions  and  for  9  control  subjects. 
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Figure     4.7.     Serum     Br     concentrdtions  for  acute 
myelogenous  leukemia  and     chrcnic  icyelog enous  leukemia 
patients. 
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Figure     4. 8.     Serum    Br    concentrations  for  acute 
lymphoblastic  leuJcemia  and  aplastic  anemia  patients. 
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Figure  4,9,  Serua  Br  concentrations  for  ether  disease  J 
conditions  and  for  9  control  subjects.  | 
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Figure  4.11.       Serum  Fe     concentrations  for  acute 
lyap hoblas tic  leuJceaia  and  aplastic  anemia  patients. 
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Figura  4.12,  Serua  Fe  concentrations  for  other  disease 
conditions  and  for  9  control  subjects. 
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Figure  4,15,  Sarum  Co  concentrations  for  otiier  disease 
conditions  and  for  9  control  safajects. 
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Fijure  U.16.       Secua  Se     concantrations  for  acute 
myelogenous  leuiceiaia  and     caronic  uyelogsncus  Isukaiaia 
patients. 
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Fijure  4.17.       Serum  Se     conceatrations  for  acute 
lyapaoblastic  leukemia  and  aplastic  anemia  patients. 
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Fijare  4.18.  Secuj  Se  concentrations  for  other  disease 
conditions  and  for  9  control  subjects. 
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Figure  4.19.       Serum  Zu    concentrations  for  acute 
myelogenous  lauiceaiia  and     chronic  ayelog^nous  leukemia 
patients. 
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Figure  4.20.       Serua  Zn     concentrations  for  acute 
iyaphoblas tic  leuxemia  and  aplastic  anamia  patients. 
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Figure  4.2  1,  Seruia  Zn  conctntratioiis  for  other  disease 
conditions  and  for  9  control  subjects. 
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Figures  4,  22-- 4. 25  show  average    concentration  values  for 
leulceiiiia  patisats  undergoing  bone  marrow  transplant.  They 
represent  averages  of  all  leukemia  values  plotted  in  Figures 
4,1 — 4.21.        Control  averages    were    also  plotted  for 
coaparative     purposes.       The     arrows  indicate  confidence 
intervals  (1     sigma).       Aplastic  aiaemia  averages    were  not 
plotted  because  only  few  patients  had  such  condition. 

A  third  value  is  listed  in  each  figure,  for  comparison 
with  other  sarua  studies.  Such  value  was  extracted  from  the 
literature  and  reflects,  in  the  author's  opinion,  accurate 
values  for  normals  in  serun  analysis.  Such  opinion  is  based 
on  the  attention  dedicated  by  the  experimenter  to  sampling, 
sample  preparation,  counting  and  analysis  procedures  for  tiie 
serum  samples. 

The  sources  of     the  literature  values  are     listed  in  the 
section  Trace  Element  Studies  for  Serum  of  Chapter  I, 

Discussion 

Tills  study  has  accomplished  three  main  objectives.  First, 
it  demonstrated  that  neutron  activation  analysis   (NAA)  can 
be  used  with    biological  materials  using  the    University  of 
Florida  Training  Reactor. 

aesearchers  usually  avoid  NAA     of  such  materials  because 
of  their  high  content  of  readily-activated  interfering  Na  by 
using     otner    well-established  methods    such     as  atomic 
absorption  spectroscopy  for  trace  element  determination. 
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Seutron  awtivatxou  aaaiysis  pr-33=nt£  sDine  advajitages  over 
otii3r  techniques,     ror  it  can  do  siiaiiltaiieous  ciet-erinination 
in     laiautc  saflpljs     wliiie  attaining     uiqh  precision  anl 
accuracy.       Sucn  cnaracteristics  ar-     important  in  disease 
conditions  where     tli^;re  may  be  synergistic     effects  between 
concentration  levels  ia  samples  o£  saall  size. 

Secondly,     tnis  scudy  demonstrated  the  usefuLuess  of  the 
University  on     Florida  Trdiai:.j   Reactor    (fJFTR) --one     of  the 
cwo  r-'searcil  reactors  in  the  southeast  for  :;aa  or  biological 
sajiijies.     Ta=   una vaiiaLilit y  of  a  nigh  theraal  u-eutron  flax 
allied  MXth     tt:e  interrupted  operation  during     nigar  aours 
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nakes  the  UFTH  virtually  unfit  foe  single  long  tiiae 
irradiations  as  is  possible  in  some  oodern  research 
reactors.  The  reactor  can  operate  overnight  only  if 
substantial  funds  are  provided. 

However,     proper  design  and  application  of  an  irradiation 
protocol  based    on  the  comparator  method    can  successfully 
overcome  such  limitations. 

Such  a     protocol  was  developed    during  this    study  and 
allows  longer  irradiations    to  be  made  in     daily  steps  (in 
order  to  compensate  for  the  relatively  low  flux)     and  makes 
evident    the  OFTR ' s    capability  for    short   (through  its 
pneumatic  transfer  system)     and  long  irradiation  of  samples 
of  most  matrixes,  including  the  problematic  biological  ones, 
12  or  more  at  one  time. 

Serum  samples  occupy    a  unique  position  among     others  of 
biological  matrix  since  they  possess     high  Sa  and  low  trace 
element  content.     The  capability  for    total  Na  removal  from 
serum  samples  suggests  the  feasibility    of  analysis  of  other 
biological  samples. 

Sodium  removal  was  performed  through  the  use  of  hydroxy 
antimony  pentoxids  (HA?)  resin  which  proved  effective  in 
spite  of  literature  evidence  that  it  presented  inadequate 
characteristics  for  analytical  work  (Berry,  1979) .  It  was 
show  in  this  study  that  the  resin  can  function  efficiently 
even  in  the  limited  conditions  of  mineralization  applied  to 
these  serum  samples.       Extreme  care     was  necessary  for  the 
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resin  conditioning,     column  assembly    and  elution  steps  in 
order  to  enhance  the  positive    characteristics  of  the  resin. 
Elements  Cu,        3r,  Co,     Fe  and  Zn  proved  to  eluate  through 
the  resin  while  Na  was  fully  adsorbed.     However,  only  about 
90J6  of  the  Sa  atoms  pass    througa  under  the  conditions  used 
in  tills  study.  The  low  boiling  point  of  Se  did  not  allow  for 
adequate  sample  mineralization,  as  suggested  by  Boittiez  and 
Das     (1982).       Future    research  should    attempt  to  find 
variations  for    the  method    which  would    allow  Sa    to  be 
integrally  recovered. 

Thirdly,     the     extreme  care  taken  during     sampling  and 
analysis  proved    to  be    effective  in    avoiding  extraneous 
additions  of  trace  elements  to  the  samples.     The  results  for 
the  17     3  cc  serum     samples  taken  from    clinically  healthy 
subjects  are     well  inside  the    range  recently    obtained  by 
other  researchers. 

The  analysis    of  bovine  liver  SRf!*s     (Standard  Heference 
Materials  produced     by  the    National  Bureau     of  Standards) 
showed    acceptable      accuracy    in      the  concentration 
determinations  of  Fe,  Cu,  Co  and  K   (Appendix  C)  , 

The  results  obtained  from  the  analysis  of  67  3  cc  serum 
samples  from  bone  marrow  transplant  patients  demonstrate,  in 
some  situations,  that  either  the  disease  condition  or  the 
hyperalimanta tion  treatment  (the  latter  designed  to  avoid 
malnutrition  of  such  patients  during  tLeir  ceasing  of  oral 
caloric  intake)     is  causing  extremely    high  levels  of  some 


87 

elements  in    serua,     possibly  edging    toxic  concentration 
levels. 

Figure  4.22  shows  that  the  serum  Cu  concentration  average 
is  higher  in     leukeaia  patients  than  in    the  control  group. 
Potassium  levels  tend  to  be  essentially  the  saae,  except  for 
few  values  which  are  extremely  high. 

Figure  U,23     suggests  that     Br  values    are  consistently 
higher  in  the    control  group  than  in     the  leukeaia  patients 
group,     normal  levels  are  seen  for  Fe  even  for  the  patient's 
group,     except  for     1  patient  whose  levels    are   100  times 
higher  than  the  control  average. 

Figure  4,24  shows  that  Co  levels  vary  widely,  more  in  the 
patient    group  than    in  the     control  group.  Selenium 
concentrations  are  lower  in  leukemia  patients*  serum  than  in 
controls*  serum.       Figure  4.25  shows  high  variability  in  Zn 
levels,     probably  due  to    syringe  Zn  contamination.  Zinc 
reached  a  10-fold  level  for    2  leukemia  patients  as  compared 
with  average  leukemia  patients'  serum  levels. 

In  spite  of  the  diversity     of  serum  levels  detected,  it 
was  concluded  that  meaningful  clinical  conclusions  cannot  be 
drawn  from  this  data  alone. 

Statistical     treatment  of     the  results     proved  to  be 
inadequate  in  the     scope  of  this  study  because    of  two  main 
aspects: 

1.     Several  disease  conditions  were  involved.     There  were 
few  patients  sampled  within    each  condition  and  each 
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condition  had  potentially  different    inflaencs  on  the 
behavior    of     trace     concentrations    during  I,V, 
alimentation. 

2.  Inputs  were     too  numerous  and    varied.  dedication, 
blood  transfusions,  infections,  feeding  by  mouth,  the 
stress  associated  with  the  disease,  TPN  solutions  and 
no  "window"     periods  during  hyperalimentation    are  a 
few  examples.       For  this  study,      however,  with 
collaboration    from    the  Department    of  Pharmacy 
Servi::es  of  Shands  Hospital,  all  I.V,     solutions  were 
prepared  following  standard  procedures,     avoiding  Al 
alloy  needles    during  its    preparation  and     as  many 
patients  as    possible  were     placed  under     the  same 
schedule  of  I.V,     feeding,     for  ease  of  sampling  and 
maintenance  of     parameters  throughout    the  research 
period, 

3.  The  circadian    rhythm  was  also    considered  to    be  a 
source  of     variability  in    the  data.       It  involves 
recognition  of     acrophases  as    a  result    of  complex 
cellular    mechanisms     that      are    influenced  by 
light/dark,     time  of  day/year,     hormonal  regulation, 
etc.       As  a  result,  some  elements  suffer  large  daily 
variations  in  concentration. 

It  was  observed  that  the  levels  for  the  controls  were 
usually  well  grouped,  indicating  reproducibility  in  the 
analysis  tecanigue  employed.       This  fact    can  be  noted  with 


higher  certainty     for  the  points  representing     the  control 
subject  who  was  continuously  sampled  weekly  for  3  nonths. 

Such  consideration  in  itself     indicates  precision  in  the 
aethodology  employed.        It  should    be  observed     that  the 
control  variation  observed  for  other  elements  like  Fe,  Co, 
Zn  and     5e  in  control  samples    aight  be  due  to     the  scale 
factor  used  when  plotting  the  graphs.     The  oxdinate-aiis  was 
usually  only  high     enough  to  accomaodate  all    values  within 
each  set  of  figures  for  each  eleaent. 

Future  research  on    effects  of  medication  or     any  other 
factors    mentioned  above    should    concentrate  on  aniaal 
research  where     no  strict  protocols     have  to    be  observed, 
making  possible  daily  sampling  and    close  follow-up  of  acuta 
or  chronic  additions  of  medication,     Aniaal  fluids  could  be 
then  correlated    with  tissue     stores,     effects    would  be 
isolated  and  a     model  for  trace  element    behavior  in  health 
and  disease  would  be  ultimately  assembled. 

In  perspective  one  should    consider  the  present  knowledge 
on  trace    elements  and    their  importance    in  health  and 
disease.       In    summary,      one  can  tell  for    some  elements 
whether  deficiency     or  toxicity    is  occurring,      but  the 
quantitative  limits    at  which    these  two    important  limits 
occur  is  barely  known.     Similarly,  the  body  tissue  in  which 
monitoring  should  occur    for  a  certain  trace     element  is  a 
matter  of  discussion,  for  the  ideal  tissues  sometimes  can  be 
sampled  only  through  surgery.     One    reason  for  such  lack  of 
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knowledge  is  due  to  the  technical  difficulties  in  analysis, 
since  levels  although  iaportant  are  usually  extremely  low- 

A  Na-free  sanple  enTironaeiit,     free  of  contamination  and 
quantitative  losses,     makes  the  high  accuracy  and  precision 
of  neutron    ictivation  available  to  clinical    evaluation  of 
body  samples  in  health  and  disease.     As  a  natural  extension 
of  its     virtually  infinite     capabilities,     the  developed 
techniijue  allows  the  assessment  of    trace  elements  in  animal 
and  marine  research,     monitoring  of     toxic  levels  in  foods, 
environmental    surveillance,     plant     metabolism  studies, 
criainaiystic  and  any  other  which    may  involve  the  detection 
of  elements  in  biological  samples,  i.e.,     samples  of  high  Na 
content. 


CHAPTEH  V 
CONCLOSICNS 


It  was  siiown  that  the    University  of  Florida  Training 
Beactor  caa  be     used  in  long  irradiations     for  trace 
eleaent  deteraination  in  clinical  saaples. 
The  limitations  of  discontinued  UFTH  operation  during 
night     hours  and    of  relatively    low  thermal  flux 
(1*10*2  nautroas/ca2s)     of  the    UFTH  can  be  overcome 
through  the  use  of  long     irradiations  in  a  number  of 
daily  steps  under  a  comparative,     sample  and  standard 
aetnodology . 

Serum  concentrations  of     Cu,     K,     Br  and    Pe  were 
determined  with  errors  of  less    than  5  S.  Elements 
Co,     Zn  and  Sa  had    their  concentration  evaluated  in 
serum  with  errors  of  less  than  15  56.     The  accuracy  of 
the  results     was  verified  by     the  use    of  National 
Bureau  of  Standards'   Standard  Peference  ffaterials. 
Hydroxy  antimony  pentoxide    was  succesfully  employed 
for    Jfa  removal    in  samples    in    spite  of  recent 
discouraging  literature  reports. 

It  was  shown     that  only  about  90  %  of     serum  Se  will 
pass  through  the  HAP  resin    under  the  conditions  used 
in  this  experiment. 
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6,  Selenima,     K,     Ca,     Zo,     Fe,       2n  and  Br  can  be 
siaultaneousiy  determined  in  small-size  serum  saaples 
in  clinical  studies. 

7,  aodern  saapling     considerations  and     techniques  vere 
employed  in     order  to     avoid  sample  contamination 
before  analysis  and  tests    showed  only  contamination 
vas  due  to  Zn  leached  from  plastic  syringes. 

8,  Results  in  the  patient  groups  are  quite  different 
from  the  control  values.  However,  no  conclusive 
clinical  conclusions  can  be  made  from  the  data  in 
this  study. 

One  of     two  possibilities     exist.     Either  the 
hyperalimentation  fluid     is  not  appropriate    for  use 
and  is     producing  extremely  high  and     possibly  toxic 
concentration    levels  or    serum    is    not  a  valid 
indication  of  the  elemental  level.      It  is  important 
that  this  be  explored  further. 

9-     Patient's    serum  presents     very  complex  behaviour 

regarding  trace  elements  due  to  treatment  conditions. 
Studies  of     this  kind  should  concentrate     on  careful 
experimental  design  in    order  to  build  a     model  for 
trace  elements  in  body  tissues  and  fluids, 

10.  Animal  research  is  recommended    for  nutrition  studies 
regarding  trace  elements  with  applications  in  disease 
conditions.       Such  studies  can     employ  the  technique 
developed  in  this  study. 


APPENDIX  A 

THE  COflPAfiATOB  HETHOD  APPLIED  TO  SEBOil  ANALYSIS 

One  of    the  aain  objects  of     this  study  was  to     make  it 
possible  for  the  OniTersity  of    Florida  Training  Reactor  to 
be  used  ia  accurate  and    precise  deterainat ion  of  essential 
trace  eleaents  in  biological  and  clinical  saaples.     The  OFTR 
presents  a    relatively  low  neutron     flax  vhen    coapared  to 
Bodern  research  reactors.     Also,       the  iapracticability  of 
having  it  opsrating  continuously  for    several  days  makes  it 
limited  for    precise  analysis    of  longer    lived  activation 
products,     Bhich  is  the  case    for  the  trace  eleaents  under 
consideration  in  this  study. 

These  liaitdtions  can  be,     as  demonstrated  in  this  study, 
overcome  with     the  use  of    longer  irradiation  times    and  a 
properly  applied  irradiation  and    counting  protocol  known  as 
comparator  method. 

Neutron  activation  analysis  (SAA)     can  be  performed  under 
one    of  two  basic  protocols:     instrumental  NAA,  in  which  no 
chemical  treatment  is  applied  to  the  sample,     neither  before 
nor  after  irradiation,     and     chemical  NAA,     which  involves 
selective    chemical    separations    for     the  sought-after 
elements.     Dader  each  one  of    these  protocols,     the  gamma- 
spectrum  obtained    by  counting  the  post    irradiated  samples 
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will  need  aatheaa tical  interpretation.        Two  are  tiie  usual 
choices  here: 

1,     A  classical    instrumental  approach,     in    which  the 

"activated  saaple**  formula  is  used.  In  this  approach, 
several  enpirical     values  are  necessary.        Some  of 
these  values    aust  result  from    careful  measurenen t, 
i.e.     the  isotopic  aJaundaace  in  nature  which  depends 
on  geographic  location.       The  foraula  is  given  below. 
It  requires  exact  knowledge    of  thermal  neutron  flux 
at  the     position  of  irradiation  inside     the  reactor, 
cross-sections,      isotopic  abundance     in  nature, 
irradiation  time,     dead-tiaie  for  the  detector,  and 
other  not  so  evident  values    which  aust  be  taken  into 
account. 

Iha  measured  activity    B  which  is  induced    in  an 
element  after  an  irradiation  time    t  (case  of  simple 
activation)   is  given  by 


1-exp(-0.693*t  /  T1/2) 

R(t)  =w.  z.a.H.c.F   

A 


where: 

P  =  thermal  neutron  flux; 

H  =  measured  activity  in  cps; 

w  =  weight  of  the  irradiated  element  in  grams; 

z  =  efficiency  of  the  detector; 

a  =  abundance  of  the  activated  nuclide; 

A  =  atomic  weight  of  the  irradiated  element; 

N  =  Avogadro^s  number; 

TV2  =  half-life  of  the  radionuclide  formed; 
t  =  irradiation  time;  and 

c  =  isotopic  activation  thermal  cross-section. 
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The    ::oaparator     metliod  allows    determination  of 
concentrations  in  the  sample  by  conparing  then  to  the 
ones  obtained    from  a  well  known    standard,  which 
received  the  same  irradiation,      decay  and  counting 
treatment  as  the  sample.        The  rationale  comes  from 
the  classic  formula  presented  above.       For  a  certain 
element,     writing  the  formula  for  the  unknown  sample 
and  again  for  the  standard,  the  ratio  between  the  two 
will  cancel  out  values  like  cross -sect ion,  isotopic 
abundance  and  neutron  flux. 

Standards  normally    have  to  be  produced    for  the 
purpose  of  guantitative  analysis.      Carefully  weighed 
amounts  of  the  sought-after    elements  are  irradiated 
under  the  same  conditions  as     the  sample.       The  same 
position    inside  the     reactor,       irradiation  time 
length,       decay  time,        counting  time,  counting 
geometry  and  the  detector  geometry  are  the  conditions 
for  the  successful  use  of  the  comparator  method.  Many 
of  these  requirements  have  been  dismissed  in  analysis 
performed    with  the    use     of  modern  computerized 
analyzers,     since  the  software    available  with  these 
systems  usually  has  the    capability  of  correcting  any 
deviations  from  the  basic  protocol. 

The  Tracer  Northern- 11     analyzer  software  requires 
that  the     mentioned  protocol     be  followed    with  no 
variations.        The  calculation     of  trace  element 
concentrations  results  then  in  a  simple  formula: 
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Cone  in  sample  Cone  in  standard 
5ass  of  sample  Mass  of  standard 

The  siaplicity    of  the  formula  h.idas    the  several 
requirements    stated  above,       which  are  sometimes 
difficult  to  aeet,  as  exeaplified  in  this  study. 

Twelve    of     the  serua    samples*     were  simultaneously 
irradiated  in  3  steps,  i.e.,     3  days,     totalling  28  hrs  of 
irradiation.     The  long  irradiation  tine  was  justified  by  the 
necessity  of  activation  of  the  long  lived  elements  Zn,  Co, 
Cr,  Fe  and  Se, 

The  opportunities  are    not  many  in  which     the  reactor  is 
available  for  3  consecutive  days.  For  this,  a  high  number  of 
samples  (12)    had  to  be  irradiated  at  one  single  time.  New 
problems  became  evident  as  Cu,  K,     and  Br  would  be  the  first 
elements  to  be  determined.     They  should  be  counted  within  2 
or  3     days,     for  their    half -lives  are    relatively  short, 
ranging  from  12.4  to  35.3  hrs. 

Very  high  radiation  doses  and    the  fact  that  the  samples 
would  be  counted  practically  right    after  irradiation  of  28 
hrs  turned    into  problems  of     both  safety     and  analytical 
considerations.       Calculations  alone  would  not  evaluate  the 
concentrations  correctly,     if  the  TN-ll  software  were  to  be 

»  Only  twelve     samples  could  fir    in  the  central    and  east 
vertical  ports  of  the  OFTH  at  the  same  time. 
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used.  Therefore,  the  same  decay  and  counting  procedure  would 
have    to  be    followed  for    samples  placed    in  one  same 
irradiatioa  position.     Such  problem  arose  the  necessity  for 
the  use  of  the  comparator  method. 

Since     tha  flux    could  vary    vertically     as  well  as 
horizontally,     12  positions  were  assigned  by  numbers  from  1 
to  12  inside     the  reactor.       Nine  of  them    in  the  central 
vertical  port   (CVP)     and  3  in     the  east  vertical  port  (EVP) 
which  is  smaller.       The  bottom     of  the  CVP  was  conceptually 
divided  into  3     levels,     each  level  containing     3  samples, 
?ignre  A, 1  describes  the  assembly  and  shows  the  aluminum  cup 
in  which  the  samples  are  positioned. 

The  cup    is  lowered     into  a     positioning  device  which 
orients  it    inside  the  reactor.     This    position  assurance 
device  allows  precise     positioning  of  the  9     samples  inside 
the  CVP.       The  flux  in  the  BVP  varies  vertically,  as  well  as 
horizontally.     The  3  samples  in  the  EVP  were  placed  one  atop 
the  other  for  fitting,     and  positions     10,     11  and  12  were 
assigned  to  them.     Any  horizontal  flux  gradients  should  have 
their  effect  balanced  within  each    sample.     One  side  of  it 
would  be     exposed  to    a  higher  flux,       and  so    would  the 
standards  and  all  other  samples,     any  adverse  effects  being 
then  compensated  for.     It  became  evident  at  the     end  of  this 
study  that  the  horizontal  variations  inside  the  CVP  were  not 
significant  for  the  purposes  of  neutron  activation  analysis. 
The  positioning     device,     consisting  basically  of     a  long 
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After  irradiatioii  the  samples  were    allowed  to  decay  for 
20  hrs  inside  the  reactor.       Very  short  lived  radionuclides 
are  responsible    for  very  high  initial    radiation  exposure 
rates.     Twenty  hours  of  decay  would  not  significantly  affect 
experimental  procedures,     but  would  bring  working  conditions 
down  to  safer  levels.     The  radiation  exposure  rates  involved 
are  discussed  in  chapter  II. 

Samples  were  processed  through  the    resin  for  Na  removal 
and  aade  to  assuae  a  75  ml  geometry  in  Pyrex(H)     Ho.  1000 
beakers.       The  saaples  would  be     ready  for  counting  40  hrs 
after  the  end  of  the  irradiation    period.       The  ones  on  the 
top  of  the  assembly,  placed  at  positions  7,  8,     9,     and  10 
would  be  counted  first.       Since  the  flux    was  expected  to  be 
lower  for  the  higher  levels,     these  samples  would  presumably 
have  lower  activities.       The  counting  protocol  was  designed 
as  shown     below,     each  sample    being  counted  for     2  hrs, 
detector  live-time. 


position  number  counted  at  * 

8  day  2  -  1:10  PM 

10  day  2  -  4: 10  PM 

9  day  2  -  7: 10  PM 
7  day  2  -10:10  PM 

4  day  3  -  1: 10  AM 

1  day  3  -  4:  10  AM 
3  day  3  -  7: 10  AH 

2  day  3  -10: 1 0  AS 
6  day  3  -  1: 10  PM 

5  day  3  -  4:10  PM 

11  day  3  -  7: 10  pa 

12  day  3  -10: 10  PM 

♦The  tiae  at  the  end  of  the  irradiation  {day  0  -  6:00  PM)  is 
considered  here  as  the  reference. 
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Tiie  saae  procsaara     sas  followed  for  all     other  batches. 
Standards  irradiated    in  position  nuiaber  4,      for  eiaaple, 
would  be  used  to  calculate    real  concentrations  for  all  the 
saaplas,  in  all  8  different  batches,     which  were  irradiated 
at  position  4. 

One  set  of  12  standards  was  prepared  for  the 
shorter-lived  elements  Cu,  K  and  Br,     and  another  set  of  12 
was  equally  produced  for  Fe,  Co,  Zn,  Cr,  and  Se.       The  high 
deadtiae  observed  for  several  samples    lead  to  the  counting 
of  each  short  lived  standard  under  two  different  geometries: 
0  and    5  cm  froa    the  detector.      Therefore,      a  saaple 
irradiated  in  position    4  and  showing  too    high  activity  at 
the  time  of  counting  would  be  aoved  to  a  5  cm  distance,  and 
later  have  its    concentration  evaluated  by  comparing    it  to 
the  standard  irradiated    at  position  4  and  counted    at  5  ca 
distance. 

After  3  weeks,  the  saae  saaples  were  counted  for  5  hrs 
each,  all  at  0  ca  distance,  for  Se,  Pe,  Co,  Cr  and  Zn.  In 
this  case,  no  special  schedule  was  assigned  for  counting. 


aPPEHDIX  3 

PEEPAHATIOIl   OF  HA?  FOS  SODIUK  HEHOVAL  FEOfl  SSHUM 

SAMPLES 

The  resin  is    known  as  HAP,     and  500  grams    of  it  were 
bought  from  Atoaargic,  Inc.,  NY,     for  $  235.00.       A  list  of 
research  papers  which  describe  HAP     uses  can  be  bought  froa 
the  same  coapany,     which  produces    the  resin  under  the  name 
"Poly an  HT". 

Several  are  the  points  to  observe  when  using  HAP: 

1.  Only  distilled-deionized     water  should  be     used  for 
wet-conditioning,     washing    and  assembling    of  the 
column.       Tap    water  would  saturate  the    resin  with 
sodium  ioas,  causing  a  loss  in  retention  capacity. 

Two  grams  of  resin  are    enough  to  hold  sodium  ions 
present  in  0,4  g  of  dry  serum, 

2.  The  resin  should  be  spread    on  a  plastic  sheet,  one 
day  prior  to  use,    so  that    it  could  attain  a  higher 
degree  of  humidity.      If  not     going  to  be  used,  it 
should  be  maintained  in  a     dry  place, in  tight  closed 
bottle. 

3.  Approximately  half  of  the    resin  material  is  composed 
of  very  fine  grains,     which    will  cause  clogging  and 
slowing  down,      when  not  stopping  the    sample  flow. 
This  problem  can     be  solved  by  repeatedly     shaking  a 


101 


102 

aixtare  of     resin  and     water,     and    discarding  the 
supernatant  (Gills  et  al./  1970). 

The  rasultaat    resin  can  be     kept  for  few    days  if 
imnersed  in  water,  in  a  closed  container.       It  should 
not  b2  let  to  dry  if  its  future  use  is  intended. 
Funnels  have  worked  well  in    maintaining  the  resin  in 
a  large    length: diameter  ratio,     as  desired    for  a 
column,     and    at  the  same    time  providing     a  large 
reservoir  for  non-processed  sample. 

The  funnels  should    be  full  of  water    before  the 
slow  dumping  of     the  resin  in  it.        This  procedure 
would  keep  the  settled  resin    free  from  air  bubbles, 
which  would  eventually  reduce    the  efficiency  of  the 
resin. 

The  rssin  needs  then     to  be  acid-conditioned.  Five 
milliliters  of     12N  HCl  should    be  run    through  the 
resin  for  this  purpose. 

A  strong  filter    paper  should  be  placed    inside  the 
funnel,  on  top  of  the  resin,       in  order  to  keep  non- 
dissolved  sample  material  from  reaching  the  resin  and 
adsorbing  to  it.     The  filter  paper  will  be  recovered, 
cut  into  pieces  and  added  to  the  sample  when  counting 
for  long-lived  radionuclides. 
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8,  Aftar  the  saapls  has  passed    through  the  resin,  tie 
resin  should  be  cashed  with     12N  HCl  for  any  residual 
trace  eleaeats,      until  the    standard  Yoluas  for 
counting  has  been  reached,     Pyrex(S)    no.    1000  beakers 
were  used  for    this  purpose,     filled     tiith  diluted- 
processed  sample  to  amount  75  al.       In  average,  each 
saaple  takes  5    hrs  to  complete  the    above  Mentioned 
elution . 

9,  The  saaple  is  then  ready  for  counting.       Since  it  is 
strongly  acidic,     the  saaple  beaker  should  be  covered 
with  a  thin  plastic  sheet,     to  protect  the  equipment 
and    the  experimenter    from    corrosive  fumes  and 
eventual  spills  during  saapl9    handling.       The  whole 
procedure  should    be  performed  inside  a     fuae  hood, 
well  shielded  for  radiation.       Hot  cells,   with  reaote 
sample  handling  performed  with    the  use  of  mechanical 
arms,  are  the  safest  way  to  work  long  time  irradiated 
serum  samples  and  their  containers.       However,  when 
not  provided  with  adequate    ventilation,     hot  cells 
will  show  an    internal  build-up  of  acid    fumes,  in 
these    procedures  strong     enough    to  damage  their 
delicate  mechanisms, 

10,  It  should     be  remeabered  that     the  sample     has  low 
activity  after  step  8,       The  resin,  however,     at  the 
time    of  the    first  counting     period,     will  show 
exposures  in  the  order  of  30  m?./hr  at  a  distance  of  1 
foot. 
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Tha  spent    resin  which  will    contain  radioactive 
sodium  {T1/2    =  15  hrs)       should  be  kept    away  and 
shieiiad    from  the    sensitive  germanium  detectors. 
Background     counts    should      be    done  whenever 
appropriate,     to    check  for    counting  interferences 
produced     by  other    radioactive    materials  in  tie 
laboratory. 

11.  The  spent  resin  should  be  kept  for  decay  and  disposed 
through  the     Sadiation  Safety  Office.        Damping  of 
radioactive  material     in  the  laboratory    sink  could 
produce  a     difficult  to  remove  source    of  background 
radiation. 

12.  Some  important  tests  were    performed  with  the  resin. 
They  are  described  in  Chapter  III. 


APPEBDIX  C 
PESCISIOM  AHD  ACCaBACY  OF  COHCENTBATION 
DETEEHINATIONS 

Only  4     saaples  of     bovine  liver    National  Bureau  of 
Standards'  Standard  Reference  J«aterial  (SBB)  no.     1577  were 
used  for  evaluating  precision  and  accuracy  in  this  study.  A 
blood  serua    standard  is  also  available.        However,  no 
elemental  deterninations  have  been     performed  on  serua  SES's 
by  official  laboratories,     therefore  no  certified  values  are 
available  as  yet. 

This  small  nuaber  of  SSa • s  was    due  to  liaitations  in  the 
availability  of    the  DFTH  for    the  3  consecutive     days  of 
irradiations.     Irradiation    positions  were  preferentially 
assigned  to  patient's  serua  saaples. 

SEa's  underwent  the  saae  treatment    applied  to  the  serua 
saaples  (Appandii  B),       Hean  concentration  values  found  for 
Cu,  Fe,     Co  and  K  in  such  standards  were  within  one  standard 
deviation  of     the  reported     aeans  in    the  Certificate  of 
Analysis  issued  for  bovine  liver  by  the  I13S. 

Broaine  concentration  in     bovine  liver  is  not     listed  by 
the  NBS.       However,     a  coapilation     aade  by  Gladney  (1980) 
lists  8,7  1,7  ppa  as  its  aost    probable  value.  Values 

obtained  in  this  study  for  bovine  liver's  Br  were  within  the 
above  listed  range. 
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Zinc  and    Se  concentrations  saoned    reasonable  accuracy 
(within  3  signa).        The  error  in  the  Se    values  might  be 
explained  by  the  resin's  characteristic    of  retention  of  Se 
atoas,     as  dascribed  in  the  section  Irradiations  of  Chapter 
III* 
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